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"PREPARATION AND USE OF HETEROGENEOUS CATALYST COMPONENTS FOR 



OLEFINS POrVMERIZATION" 



5 STATE OF THE ART 

It is very well known that homogeneous catalytic systems present a disadvantage: when they are used 
in suspension polymerization processes, a part of the produced polymer adheres to the reactor walls; this 
effect is technically called "reactor fouling". Besides, in most cases, the particle size of the obtained 
polymer is very small and the apparent density is low, thus the industrial production is reduced. In order 
10 to prevent the reactor from fouling and to control the size and the morphology of the polymer particles 
which are formed, the homogeneous system can be supported on an inorganic oxide. 

In the last years different preparatory strategies have been used in order to reach this aim. EPA-206794 
(Exxon) discloses a catalyst which comprises a carrier, a metallocene, and an alumoxane. The carrier is first 
treated with alumoxane and then the metallocene is added. EP-A-295312 (Mitsui) discloses a catalyst 
1 5 consisting of a carrier wherein alumoxane is precipitated and then the resulting materia] is impregnated with 
a metallocene. No additional cocatalyst is used in the polymerization process. 

The first application claiming a process wherein the metallocene is covalently bonded to the support 
surface is EP 293815 (HOECHST). The metallocene contains a SiOR group that reacts with the OH 
groups on the surface of the support. 
20 EP 757053 (HOECHST) supports the metallocene by reactmg the hydroxyls of the inorganic support 

with a metallocene which contains a M-R-Z-Cl group, wherein M is Si, Ge or Sn and Z is B, Si, Ge or Sn. 

EP 757992 (Repsol) supports functionalized nietalloceues being Cl-Si(Me2)- by reacting the 
organometallic compound with or without functionalized carriers. 

Unpublished application EP 97500187.6 in the name of the applicant supports the metallocene by 
25 reacting a metallocene containing a group OSiR" 3 wherein R" is C r C 2 o alkyl, C3-C M cycloalkyl, CVC^ 
aryl, C7-C20 alkenyl or C7-C20 arylalkenyl with a inorganic support. 

Object of the present invention is the preparation of a supported catalyst for polymerization of olefins, 
which results in a polymer having a very good morphology. 

Thanks to the methods described in the present invention, heterogeneous catalysts can be obtained; 
30 they allow to effectively control the morphology and the distribution of particle sizes, with a regular 
growth of the polymer around the catalyst particles. 

A further object of the present invention is a process for obtaining a supported catalyst by reacting a 
^ metallocene compound having an hydroxy group with an alumoxane or a trialkylaluminum. 

\f. DETAILED DESCRIPTION OF THE INVENTION 

3.5 
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The present invention relates to heterogeneous catalytic systems obtained by reacting a specific class of 
metallocene compounds with an inorganic support. 

According to the present invention the specific class of metallocene compounds is defined by general 
formulas I, II and III. 

(Ul0 1 [Ii^-f<R I OH) f ] x NIX y I 



Qm M x n 



10 



X 



Qm M 
(HOR 1 ^ X / " X 



m 



wherein: 

L, equal to or different from each other, is selected from the group comprising: cyclopentadienyl, 
indenyl, tetrahydroindenyl, fluorenyl, octahydrofluorenyi and benzoindenyl; 

each R is independently selected from hydrogen, CfCao alkyl, C 3 -Ch> cycloalkyl, Q-Ca, aryl, C3-C20 
15 alkenyl, Cr-C 10 aiylalkyl, C7-C20 alkytaryi, Cg-C^ aiylalkenyl, linear or branched, optionally substituted by 
1 to 10 halogen atoms, or a group SiR n j; 

each R 1 is independently a group SiR n 2 or a divalent aliphatic or aromatic hydrocarbon group containing 
from 1 to 20 carbon atoms, optionally containing from 1 to 5 heteroatoms of groups 14 to 16 of the 
periodic table of the elements and boron ; preferably it is: Q-C20 alkylene, C 3 -C M cycloalkylene, Q-C20 
20 arylene, C7-C20 alkenyl, C 7 -C2o arylalkyiene, or alkylarylene, linear or branched, r a group SiR n 2 ; 
each Q is independently selected from B, C, Si, Ge, Sn; 

M is a metal of group 3, 4 or 10 of the Periodic Table, Lanthanid or Actinide; preferably it is titanium, 
.> zirc nium or hafnium; 

(r 

^ each X is independently selected from: hydrogen, chlorine, bromine. OR" NR a 2 , C|-C M alkyl or C«- 



each R n is independently selected from Q-C20 alkyl , C3-C20 cycloalkyl, C tf -C w aryi, Cj-Cm alkenyl, C 7 - 
C20 aiylalkyl, C e -C 20 aiylalkenyl or C 7 -C M alkylaryl, linear or branched; preferably R n is methyl, ethyl, 
isopropyl; 

L* is N or O; 

5 k depends of the type of L; more specifically when L is cyclopentadienyl k is equal to 5, when L is 

indenyl k is equal to 7, when L is fluorenyl or benzoindenyl k is equal to 9, when L is tetrahydroindenyl k 
is equal to 1 1 and when L is octahydrofluorenyl, k is equal to 17; 
z is equal to 0, 1 or 2; 
x is equal to 1, 2 or 3; 
10 y is equal to 1,2 or 3; 

x + y + z is equal to the valence of M; 
m is an integer which can assume the values 1, 2, 3 or 4; 
a and b are integers whose value ranges from 0 to k-1; 
f is an integer whose value ranges from 1 to k; preferably f is 1; 
IS g is an integer whose value ranges from 0 to 1 ; 

c and e are equal to 0 or 1; 

a + b + c is at least 1; preferably a + b + c is 1 or 2, 
a + g + c is at least 1; preferably a + g + c is 1 or 2; 
d is equal to 0, 1 or 2; 
when Q is B, then c + d = I; 
when Q is C, Si, Ge or Sn, then c + d a 2; 
when L 1 is N, then g + e = 1; 
when U is O, then g = 0 and e = 0. 
Non limiting examples of R'OH are: 
25 CH 2 -CH 2 OH; CH 2 -CH2-CH 2 OH; 0-CH 2 -CH 2 OH; SiMej-CH 2 -CH 2 OH; CH 2 -C 5 H 5 -CH 2 OH; CH(C 2 H 5 )- 
CH 2 OH; C(CH 3 )2-C(CH3) 2 OH; CH(CH 3 ^H(CH 3 )OR 

Preferably R'OH is selected from CH 2 -CH 2 OH, CH 2 -CH 2 -CH 2 OH, 0-CH 2 -CH 2 OH, 
SiMea-CHz-CH^R 

Preferred structures of compounds of formula I, II and III are the following: 

30 



.NSDOCID: <E1 98SO0106O2> 



4 



HOtf-Cp^ HO#-Cp HOR^-Iud 

x X x \ x 



CP HORL " C P W HOR^Ind 




Bzlnd 



/ 
R 



/Xt* v x V V 

Bzlnd Bzliid HOR* — Bzlnd 



HOR* — Bzlnd 



HOR* — Bzlnd 



HOR — Cp 

R ^si y 

Bzlnd 



zr 



HOR Cp 

R ^ c 

R^ 

Bzlnd 



^ Zr 



X 



R - 
R - 

HOR 1 - 



Si 



\ 

_ Bzlnd 



R^ / ^* Sss *' 

HOR* Bzlnd 



Zr- 



Cp 



Si 

HORl^ \ 

Bzlnd 



^ Zr" 



X 



R ' 
HOR 1 ' 



Bzlnd 



Zr 



X 



HOR? — Fluo HOR?— Fluo HOR- — Cp 




SNSDOCID: <E1 98500 10602> 



6 



10 



15 



R Ind HOR ' 

u X r T y R :f y rr >< 



X 
X 



HOR 
\ 



V I x 



R^ _Fluo 



R*4 / \ HOR^C^ / V X 



R / K 

HOR? 



R Bzlnd H0 ^ 



R 
R 



4 A R ~f V Tl /< 

R /. D '^-Bzlnd / ^-Bzlnd 

HOR 1 R i R 

HOI? 

Ind HOR^-Jnd HOR 1 — 

«*X R >< V* 

»' \ / X " \ / ^ * \ / ' 

bid Ind HOR — Ind 




20 Cp 
HOR J 

R 



x>: ^O: vv 

R R.I 



2 5 Cp* nn * 

r ^c ^ zr <r r ^c j^ t5 ct 

\ / X HOR^ \ / X 

N N 



HORl' 



RSSIii^SS; R R p 



DESC 



HOR 1 



tod Cp Hno 

\ / X HORl^ \ / X HORl >- ^ / 

N N N 

I I I 

R R R 

Cp ™ Fluo Bzfad 



PP Ind 



/ N / 
KOR ( HOR? HORI HOR 



y v FIUO 



HOR 1 HOR? HOR^ 

S. . I 



V s y-* "x y* y y* 

Y Y T i 

a A A R R 



HOR* HOR* HORl HOR ^ B ,i„d 

cp >d 5»«* / B ^ d 

y v *v v "s/ v \ 



R 

^ _ ' ° 

5 Cp, Ind, Bzlnd and Fluo indicate respectively a cyclopentadienyl, indenyl, benzoindenyl and fluorenyl 

ring optionally substituted by Q-Cjo alkyl , C3-C20 cycloalkyl, C5-C20 aryl, C3-C20 alkenyl, C7-C20 arylalkyl, 
Cfi-Cn arylalkenyl or C7-C20 alkylaryl; the maximum number of substituents depends on the amount of 
- hydrogen which can be substituted; R, R 1 and X have the above indicated meaning. 

Preferred compounds for use in the present invention are the following: 

"J::^ ZiTCOIlhim (UcM ride; 
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(2-hydroxyethyI-cyclopentadienyl)(cyclopentadienyl) zirconium dichloride ; 
(2-hydroxyethyl-cyclopentadienyl)(indenyl) zurconium dichloride; 
(2-hydroxyethyl-cyclopentadienyL)(2-methyl-indenyl) zirconium dichloride; 
(2-hydroxyethyl-cycIopentadienyl)(fluorenyl) zirconium dichloride; 
5 (2*hydroxyethyl-cyciopentadienyl)(9-methyl-fluorenyl) zirconium dichloride; 

(2-hydroxyetbyl-cyclopentadieiiyl)(pentainetliylcyclopentadieiiyl) zirconium dichloride; 
bis(3-hydroxyropyl-cyclopentadienyl) zirconium dichloride; 
(3-hydroxyropyl-cyclopentadienyI)(cyclopentadieny1) zirconium dichloride ; 
(3-hydroxyropyI-cyclopentadienyl)(indenyl) zirconium dichloride; 
10 (3-hydroxyropyl-cyclopenta(UenylX2-methyl-indenyl) zirconium dichloride; 
(3-hydroxyropyl-cyclopentadienylXfluorenyl) zirconium dichloride; 
(3-hydroxyropyl-cyclopentadienylX9-methyl-fluorenyl) zirconium dichloride; 
(3-hydroxyropyl-cyclopentadienyl)(pentamethylcyclopentadienyl) zirconium dichloride; 
bis(2 ~hydroxy-ethoxy-cy clopentadienyl) zirconium dichloride; 
1 5 (2-hydroxy-ethoxy-cyclopentadienyiXcyclopentadienyl) zirconium dichloride ; 
(2-hydroxy-ethoxy-cyclopentadienyIX 1 -indenyl) zirconium dichloride; 
(2-hydroxy-ethoxy-cyclopentadienyl)(2-methyl-indenyl) zirconium dichloride; 
(2-hydroxy-ethoxy-cyclopentadienyl)(fluorenyl) zirconium dichloride; 
(2-hydroxy-ethoxy-cyclopeatadienyIX9-methyi-fluorenyl) zirconium dichloride; 
20 (2-hydroxy-ethoxy-cyclopentadienylXpenta^ zirconium dichloride; 

bis(2-hydroxy-ethyl-(dimethyI)silyl-cyclopentadienyl) zirconium dichloride; 
(2-hydroxy-ethyl-(dimethyl)silyi-cyclopentadienylXcyclopentadienyl) zirconium dichloride; 
(2-hydroxy-ethyHdimethyl)silyl-cyclopentadienylXindenyl) zirconium dichloride; 
(2-hydroxy^thyl-(dimethyl)silyl*cyclopentadienylX2-methyl-indenyl) zirconium dichloride; 
25 (2-hydroxy-ethyl-(dimethyl)silyl-cyclopentadieny0(fluorenyl) zirconium dichloride; 

(2-hydroxy^thyl-(dimethyl)aly^ zirconium dichloride; 

(2-hydroxy-ethyKdimethyl)sUyl-cyclopentadien^ dichloride; 
bis(2-hydroxy-(dimethyl)silyl-cyclopentadienyl) zirconium dichloride; 
(2-hydroxy-(dimethyl)silyl-cyclopentadienyl)(cyclopentadienyl) zirconium dichloride; 
30 dunethylsilandiylbis(2-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 

dimethylsilandiyibis(3-<2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxyethyl)-cyclopentadienyl) (ciclopentadienil)zircoiuum dichloride; 
c dimethylsilandiyl(2-(2-hydroxyet hyl)-cyclopentadienyl)( 1 -indenyl) zirconium dichloride; 

dimethylsUandiyl(3-(2-hydroxyethyl)-cyclopentadienylXl-indenyl) zirconium dichloride; 

& ^:=:: : : : :: * 5:=^ ; : v * =:= : ZirCOIliUm dichloride; 



draethylsilandiyI(3^2-hydro?eye^ zirconium dichloride; 

dimethylsuandiyl(2^24iydkoxyethy0-cyd^ zirconium dichloride; 

dimethylsilandiyl(3-(2-hydroxyethyl)-cyclopentadienylX9-fliJorenyl) zirconium dichloride; 

dimethylsilandiyl(2-(2-hydroxyethyl)-cyclopentadieny lX9-(2-methyi-fhiorenyI )) zirconium dichloride; 
5 dimethylsilandiyl(3-(2-hydroxyethyl)-cyciopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 

duuethylsilandiyl(3-(2-hydroxyethyl)-cy^ zirconium dichloride; 

dimethylsilandiylbis(2-(3-hydro)QT)ropyl)-cyclopentadienyl) zirconium dichloride; 

dimethyisilandiylbis(3-3-hydroxyropyl-cyclopentadienyl) zirconium dichloride; 

dimethylsilandiyl(3-3-hydroxyropyl-cyclopeiitadienyl) (ciclopentadienil) zirconium dichloride; 
1 0 dimethylsUandiyl(2^3-hydroxypropyl>cyclopentadien3rlXl-indenj4) zirconium dichloride; 

dimethyIsilandiyl(3-3-hydroxyropyl-cyclopentadienyl)(l-indenyl) zirconium dichloride; 

dimethyistfandiyl(2-(3-hydroxypropyl)^clopen^ zirconium dichloride; 

dimethylsuandiyl(3-3-hydroxyropyl-cycto^ zirconium dichloride; 

dimethylsUandiyl(2-(3-hydroxypropyl)-cyclopeutadieiiyl)(9-fluorenyl) zirconium dichloride; 
1 5 dmethybilandiy(3-3-hydroxyropyl-cyclopentadienyl)(9-fluorenyI) zirconium dichloride; 

dtaethylsaandiyl(2-(3-hydroxypropyl)^clopm^ zirconium dichloride; 

dimethylsnandiyl(3-3-hydroxyropyl-<^ zirconium dichloride; 

dimethylsilandiyl(3-3-hydroxyropyl^d^^ zirconium dichloride; 

dimethylsilandiylbis(2-(2-hydroxy)-ethoxy-cyclopentadienyI) zirconium dichloride; 
20 dimeu^ylsilan(hyIbis(3-(2-hydiX)xy)-ethoxy-cyclopentadienyl) zirconium dichloride; 

dtaethylsuandiyl(2-(2-hydroxy)^tho^ zirconium dichloride; 

dunethylsuan(Uy(3^2-hydro>^)^thoxy^clopentadieiiyl)(l-indenyl) zirconium dichloride; 

dimelhylsUandiyl(2-(2-hydroxy>-ethoxy-cy clopentadienylX 1 -(2-methyl-indenyl)) zirconium dichloride; 

dmethylsUandiyl(3-(2-hydroxy)-ethoxy-cyclopentadi«iyIX I -(2-methyl-indenyi)) zirconium dichloride; 
25 dime*hylsuandtyl(2-(2-hydroxy)-eto zirconium dichloride; 

dimethylsUandiyl(3-(2-hydtoxy)^hoxy<y^^^ zirconium dichloride; 

dimethylsilandiyl<2^2-hydroxy)^thoxy^clopent^^ zirconium dichloride; 

dimethylsiIandiyl(3^2-hydroxy)^thoxyK^ zirconium dichloride; 

dtaettylstf andiytbis(2^2-hydroxy- zirconium dichloride; 

30 dimethylsilandiylbis(3^2-hydix>xy^ zirconium dicliloride, 

dimelhylsilandiyl(2-(2-hydroxy^hyHdimethyi)silyl)-cydopentadienyl) zirconium dichloride; 

dimethylsUandtyl(3<2-hydroxy-ethyl-(dim^ zirconium dichloride; 

dimethylsUandiyl(2<2-hydroxy-ethyl-(dm zirconium 

dichloride; 
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dimethylsttandiyl(3-(2-hydroxy^yl-(d^ -(2-methyl-indenyl)) zirconium 

dichloride; 

dimethylsUandiyl(2K2-hydroxy-ethyHdim^ zirconium dichloride; 

dimethylsilandiyl(3^2-hydroxy-ethyHdm^ zirconium dichloride; 

5 dimethylsUandiyl(2-(2-hydroxy-ethyKdimethyl)siiyl)^yclopentadieny zirconium 
dichloride; 

dimcthytsilandiyl(3^2-hydroxy-ethyKdimelhyl)alyl>cy zirconium 
dichloride; 

dimethylsUandiyl(3-(2-hydroxy-(dim^ zirconium dichloride; 

10 dimethylsilandiyl(3^2-hydroxy<dm^ zirconium 
dichloride; 

dimethylsilandiy!bis(3-(2-hydroxy-(dimethyl)silyl-l-indenyl) zirconium dichloride; 
chmethylsilandiyl(3-(2-hydroxy^dimethyl)silyl-l-indenyl) (l-indenyl)zirconium dichloride; 

15 isopropylidenebis(2-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 

isopropytidenebis(3-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 

isopropyhdene(2-(2-hyd^oxyethyl>cyclopenladienylXl-indenyl) zirconium dichloride; 

isopropylidene(3^2-hydroxyethyl)-cyclopentadienyl)(l-indenyl) zirconium dichloride; 

isopropylidene(2K2-hydn>xye^ zirconium dichloride; 

20 isopropyfcdene(3-(2-hydroxyethylHy^^ zirconium dichloride; 

isopropylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 

isopropylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(9-fIuorenyl) zirconium dichloride; 

isopropyhdene(2-(2-hydroxyethyl>c^^ zirconium dichloride; 

isopropyhdene(3-(2-hydroxyethyi)^clopent^ zirconium dichloride; 

25 isopropyhdOTe(3-(2-hydroxyethyl>^ zirconium dichloride; 

isopropylidenebis(2-(3-hydroxypropyl)-cyclopentadienyl) zirconium dichloride; 

isopropylidenebis(3-3-hydrojtyropyl-cyclopentadienyl) zirconium dichloride; 

isopropylidene(2-(3-hydroxypropyl>cyclopentadienylXl-indenyl) zirconium dichloride; 

isopropylidene(3-3-hydroxyropyl-cyclopentadienyl)(l-indenyl) zirconium dichloride; 
30 isopropyUdene(2-(3-hydroxypropyl)-cyclopentadienyl)(l-(2-metliyl-indeuyl)) zirconium dichloride; 

isopropyhdene(3-3-hydroxyropyl-<^clopentadienyl)(l-(2-methyl-"mdenyl)) zirconium dichloride; 

isopropylidene(2-(3-hydroxypropyl)-cyclopentadienyl)(9-fluorenyi) zirconium dichloride; 

isopropy!idene(3-3-hydroxyropyl-cyclopentadienylX9-fluoreiryI) zirconium dichloride; 

isopropylidene(2K3-hydroxypropyl>cycto^^ zirconium dichloride; 



:^7~ ?py lidene(3-3-hydroxyro^ 
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isopropyUdene(30-hydroxyropyl^clopenladienyl)(K2me*hylbenzoindenyl)) zirconhim dichloride; 
isopropyUdenebis(2-(2-hydrojcy-ethoxy)-cyclopentadieiqrl) zarconiuni dichloride; 
isopropylidenebis(3-(2-hydroxy-ethoxy)-cyclopeatadienyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-ethoxy)-cyclopentadienylHl -indenyl) zirconium dichloride; 
5 isopropylidene(3-(2-hydroxy-ethoxy)-cyclopentadienylXl-indenyl) zirconium dichloride; 

isopropyUdene(2-(2-hydroxy-ethoxy)-cyclopeutadienyl)(l -(2-inethyl-iiidenyl)) zirconium dichloride; 

isopropylidene(2-(2-hydroxy-ethoxy)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
isopropyhdene(3<2-hydroxy-ethoxy>cyclopentato 
10 isopropylidene(2K2-hydroxy-ethoxy)^lope^^^ zirconium dichloride; 

£ isopropyudene(3K2-hydroxy^thoxy)^clopert^ zirconium dichloride; 

isopropyudenebis(2K2-hydroxy^yKdi^^ zirconium dichloride; 

isopropyUdenebU(3K2-hydroxy^thyKdimethyl)sayl)^clopentadienyl) zirconium dichloride; 

isopropyhdene(2-(2-hydroxyH:thyKdta^ 
15 iM>propyUdene(3K2-hydroxyH:thyKdu^^ zirconium dichloride; 

isopropyUdene(2-(2-hydroxy-ethyKdim^^ zirconium 
dichloride; 

isoproi>yudeiie(3K2-hydroxyMrthyHato^ zirconium 
dichloride; 

20 isopropyudene(2K2-hydroxy^thyH^^ 

isopropyUdene(3-(24iydroxy^yl-(dime^^ 

isopropyhdene(2K2-hydroxy^yKdime^ zirconium 
dichloride; 

ftl iso P ropyUdene(3-(2-hydroxy-etliylKdimethyl)sflyl)^ zirconium 

25 dichloride; 

isoproi>ylidene(2-(2-hydroxy^dimethy0^ zirconium dichloride; 

isopropyhdene(2-(2-hydroxyKdime^ zirconium 
dichloride; 

ethylidenebis(2-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 
30 elhylidenebis(3-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 

ethylidene(3-(2-bydroxyethyl>cyclopentadienyl) (cyclopentadienyl) zirconium dichloride; 
emylidene(2^2-hydroxyemyl)-cyclopentadienylXl-in<lenyl) zirconium dichloride; 
ethyUdene(3^2-hydroxyethyl)-cyclopentadienylXl-mdenyl) zirconium dichloride; 
ethyUdene(2^2-hydroxyemyl)^clopentadienylXH2-methyl-indenyl)) zirconium dichloride; 
- 35...„ ^hv!idene(3-(2-hydroxyethyl>cyclopentadienylXH2-memyl-mdenyl))m 
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ethylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(2-(24iydroxyethy^^ zirconium dichloride; 

ethyhdene(3H2-hydroxyethyl^cyciopentadienyl)(9-(2-methyi-ihJorenyl)) zirconium dichloride; 
5 ethyiidenebis(2-(3-hydroxypropyl)-cyclopentadienyl) zirconium dichloride; 
ethylidenebis(3-(3-hydroxyropyl)-cyclopentadienyl) zirconium dichloride; 
ethylidene(3-(3-hydroxyropyl)-cyclopentadienyl) (cyclopentadienyl) zirconium dichloride; 
ethyhdene(2-(3'hydroxypropyl)^yclopentadienyl)(l-indenyl) zirconium dichloride; 
ethylidene(3-3-hydroxyropyl-cyclopentadienyl)(l-indenyl) zirconium dichloride; 
10 ethyMene(2<34iydroxypropyl)^ zirconium dichloride; 

ethyUdene(3K3-hydroxyropyl)^yclopentadienyl)(lK2-methyl-indenyl)) zirconium dichloride; 
ethylidene(2-(3-hydroxypropyl>cyclopentadienylX9-fluorenyl) zirconhim dichloride; 
ethylidene(3-3-hydroxyropyl-cyclopentadienylX9-fluorenyl) zirconium dichloride; 
ethyHdeue(2^3-hydroxypropyl)^ycto^ zirconium dichloride; 

1 5 ethytidenc(3-3-hydroxyropyl-cyclopcntadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethyiidenebis(2-(2-hydroxy-ethoxy)-cyclopentadienyl) zirconium dichloride; 
ethylidenebis(3-(2-hydroxy-ethoxy)-cyclopentadienyl) zirconium dichloride; 
ethylidene(2-(2-hydroxy-etho?Qr)-cyclopentadienyI)(l-indenyl) zirconium dichloride; 
ethyUdene(3<2-hydroxy-ethoxy)-cyclopentadienyl)(l-indenyl) zirconium dichloride; 
20 ethyiidene(2-(2-hydroxy-ethoxy^ zirconium dichloride; 

ethyiidene(3-(2-hydroxy^thoxy^^ zirconium dichloride; 

ethyhdene(2-(2-hydroxy-erJioxy)^yclopentadienyl)(9-fiuorenyl) zirconium dichloride; 
ethyhdene(3-(2-hydroxy^oxy)-cyclopentadienylX9-fluorenyl) zirconium dichloride; 
emyttdene(2^2-hydix>xy-ethoxy)-cyd^^ zirconium dichloride; 

25 ethyhdene<3-(2-hydroxy^oxy)^clope zirconium dichloride; 

ethyhdenebis(2-(2-hydroxy-ethyKdimethyl)sQyl>-<^clopOT zirconium dichloride; 

ethyUdenebis(3K2-hydroxy-ethyHdimethyt)sUyl)-cyclopentadienyl) zirconium dichloride; 
ethyUdene(2-(2-hydroxy-ethyKd^ zirconium dichloride; 

ethyhdene(3-(2-hydroxy^hyl-(dim^^ zirconium dichloride; 

30 ethy«dene(2K24iydroxy-ediyKd^ zirconium 
dichloride; 

ethyUdene(3-(2-hydroxy-e%K^ zirconium 
dichloride; 

ethylidene(2K2-hydroxy-ethtf zirconium dichloride; 



*dene(3-(2-hydroxyH^^ zirconium dichloride; 
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ethylidene(2-(2-hydroxy-etM^ zirconium 
dichloride; 

ethyUdene(3-(2-hydroxy-ethyl-(dunethyl)silyl>cyclopentadi zirconium 
dichloride; 

5 dimethylsilandiy lbis( 1 -(2-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
dimelhylsilandiyIbis(l-(3-(2-hydroxyethyl)-indenyl)) zirconium dicWoride; 
dimethylsUandiyl(H2-(2-hydroxye^ zirconium dichloride; 

dimethylsUandiyl(l-(3^2-hydroxyethyi)4ndenyl))(l-indenyl) zirconium dichloride; 
dimethylsUandiyl(H2-(24iydroxyetty^ zirconium dichloride; 

10 dimethylsilan<tiyl(M3^2-hydroxye%^ zirconium dichloride; 

^ dimethylsilandiyl( l-(2-(2-hydroxyethyl)-uidenyl))(9-fluorenyl) zirconium dichloride; 

dimethy!silandiyl(l-(3-(2-hydroxyethyl)-indenyl))(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(H2-(2-hydroxyethyI>indenyl))(9-(2-methyl-fluorenyl)^ dichloride; 
dimethylsUandiyl(H3^ zirconium dichloride; 

1 5 dimethylsilandiylbis( 1 -(2-(34iydroxypropyl)-indenyl)) zirconium dichloride; 
dimethylsilandi^bis(l-(3-(3-hydroxyropyl>-indenyl)) zirconium dichloride; 
dimethylsilandiyl(l-(2-(3-hydroxypropyl)-indenyl))(l-indenyl) zirconium dichloride; 
dimethylsUandiyl(H3-(3-hydroxyropyl)-indenyl)Xl-indeii3d) zirconium dichloride; 
dimethylsttandiyl(l-(2K3-hydroxypropy^ zirconium dichloride; 

20 dimethylstfandiyl(H3K3-hy zirconium dichloride; 

dimethylsttandiyt(K2-(3-hydr^ zirconium dichloride; 

dhnethybUandiyl(H3^3-hydroxyropyl>uideiiyl)X9-fluoreiiyl) zirconium dichloride; 
dimethylsilandiyl(l -(2-(3-hydroxypropyl)-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
^ dimethylsilandiyl(l -(3^3-hydroxyropyl)-indenyl))(9^2-methyl-fluorenyI)) zirconium dichloride; 

25 dimethylsilandiylbis(l-(2-(2-liydroxy-ethoxy-indenyl)) zirconium dichloride; 

dimethj4sUandiylbis(l-(3-(2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 
d^ethyisilandiyl(i-(2K2-hydroxy-ethoxy-indenyl)Xl-»ndenyl) zirconium dichloride; 
dimethylsUandiyl(K3^2-hydro3cy^oxy-indenyI)Xl-ind«iyl) zirconium dichloride; 
dimethylsilandiyi(H2-(2-hydroxy-e^ zirconium dichloride; 

30 dunethylsilandiyl(l-(3K2-hydroxy-ethoxy-uidenyl))(K2-methyl-indenyI)) zirconium dichloride; 
dimeth^silandiyl(l-(2-(2-hydroxy-ethoxy-indenyI)X9-fluorenyl) zirconium dichloride; 
dimethylsilandiyI(H3^2-hydro^ zirconium dichloride; 

dimethylsilandiyl(l-(2-(2 -hydroxy^ zirconium dichloride; 

dimdhylsilandiyl(M3^2-hydroxy^thoxy-m^^ zirconium dichloride; 

- ^. 
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10 



15 



20 



25 



30 



zirconium 



zirconium 



dimethylsiJandiyibis(l-(3-(2-hydroxy-ethyKdimethyO zirconium dichloride; 

dimethytsUandiyl(H2<24iydro^ zirconium dichloride; 

dimethylsUandtyl(l-(3K2-hydro^^ 

dimethylsilandiyl(H2K2-hy(to^ zirconium 
dichloride; 

dimethylsUandiyl(H3-(2^^ zirconium 
dichloride; 

dimethylsUandiyI(M2<2-hy^ zirconium dichloride; 

dimethyUilandiyl(l-(3^ zirconium dichloride; 

dime^ylsUandiyl(l-(2<24iy(froxy^^ 
dichloride; 

dimethylsilandiyl(l-(3<2-ty^ 
dichloride; 

isopropylidenebis(l-(2-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
isopropylidenebis(l-(3-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
isopropylidene(H2-(24iydroxyethtf zirconium dichloride; 

isopropylidene(l-(3-(2-hydroxyethyl>indenyl)Xl-indenyl) zirconium dichloride; 
isopropyMene(H2-(2-hydroxye^ zirconium dichloride; 

isopropyUdene(H3-(24iydn>xye^ zirconium dichloride; 

isopropyhdene(M2^2-hydroxye^ zirconium dichloride; 

isopropyUdene(lK3K2-hydroxyethyl)-indenyl))(9-fluorenyl) zirconium dichloride; 
isopropyhdene(l-(2-(2-hydroxyetliylVindenyl))(9-(2-methyl-fl zirconium dichloride; 

isopropylidene(H3-(2-hydroxye^ zirconium dichloride; 

isopropyUdenebis(l-(2-(3-hydroxypropyl)-indenyl)) zirconium dichloride; 

isopropylidend)is(l-(3-3-hydroxyropyl-indenyl)) zirconium dichloride; 

isopropylidene(l-(2<3.hydroxyim)pyl)-indenyl))(l-indenyl) zirconium dichloride; 

isopropylidene(l-(3-3-hydroxyropyl-indenyl))(l-indenyl) zirconium dichloride; 

isopropyfcdene(H2<3-hydro^ zirconium dichloride; 

isopropylidene(l-(3-3-hydroxyi^ zirconiiim dichloride; 

isopropylidene(l-(2-(3-hydroxypropyl)-indenyl)X9-fluoreiiyl) zirconium dichloride; 

isopropyhdene(l-(3-3-hydK>xyropyl-indenyl))(9-fluorenyI) zirconium dichloride; 

isopropyUdene(l-(2-(3-hydroxypro^ zirconium dichloride; 

isopropyUdene(l-(3-3-hydrox^^ zirconium dichloride; 

isopropylidenebis(l-(2-(2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 
?^r>rnpyUdenebis(l-(3-(2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 
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isopropyUdene(l-(2-(2-hydroxy-ethoxy-indenyl)Xl-mdenyl) zirconium dichloride; 
isopropyUdene(H3^2-hydroxy-ethoxy-indenyl))(l-indenyl) zirconium dichloride; 
isopropyUdene(K2-(2-hydroxy^thoxy-indenyi))(l-(2-methyl-indenyl)) zirconium dichloride; 
isopropyUdene(l-(3-(2-hydroxy-ethoxy-mdenyl))(lH2-methyi-indenyl)) zirconium dichloride; 
5 isopropylidene(l-(2-(2-hydroxy-ethoxy-indenyl)X9-fluorenyl) zirconium dichloride; 
isopropylidene(l-(3-(2-hydroxy-ethoxy-indenyl))(9-fluoreuyl) zirconium dichloride; 
isopropyhdene(l-(2-(2-hydroxy^thoxy-m^ zirconium dichloride; 

isopropyUdene(l-(3-(2-hydroxy-ethoxy-indenyI))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropyhdenebis(1^2-(2-hydroxy-ethyI-(dimethyl)sil>d-indenyI)) zirconium dichloride; 
10 isopropylidenebis(l-(3K2-hydroxy-ethyKdimethyl)sayl-indenyl)) zirconium dichloride; 

isopropylidene(M2-(2-hydroxy-ethyH zirconium dichloride; 

isopropyhdene(l-(3H2-hydroxy-ethyKdimethyl)sUyl-indenyi))tl-inden>i) zirconium dichloride; 
isopropyUdene(K2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl)X 

isopropyUdene(HM2-hydroxy^thyH^ zirconium dicliloride; 

1 5 isopropytidene(M2-(2-hydroxy-ethyKd^ zirconium dichloride; 

isopropylidene(l-(3-(2-hydroxy-ethyH^ zirconium dichloride; 

isopropyMene(H2-(2-hydroxy^byl-(^ 
dichloride; 

isopropyhdene(H3^2-hydroxy-ethyH^^ 
20 dichloride; 

ethylidenebis(H2-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
elhylidenebis(l-(3-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
ethyhdene(l-(2-(2-hydroxyethyl)-indeiiyl))(l-indenyl) zirconium dichloride; 
ethylidene(l-(3-(2-hydroxyeth>^)-indenyl)Xl-indenyl) zirconium dichloride; 
25 ethyhdene(l-(2<2-hydroxyethyI)-indenyl)X1^2-methyl-indeny1)) zirconium dichloride; 

ethyfcdene(H3K2-hydroxyethylH^ zirconium dichloride; 

ethylidene(l-(2-(2-hydroxyethyl>indenyl))(9-fluorettyl) zirconium dichloride; 
ethylidene(l-(3-(2-hydroxyethyl)-indenyl)X9-fluorenyl) zirconium dichloride; 
elhyhdene(H2-{2-hydroxyethyl)-indenyi)X9-(2-methyl-fluor«iyl)) zirconium dichloride; 
30 eUiylidene(l-(3<2-hydroxyethyI)-mden^)X9-(2-methyl-fluorenyI)) zirconium dicliloride; 
ethylidenebis(l-(2-(3-hydroxypropyl)-indeQyl)) zirconium dichl ride; 
ethylidenebis(l-(3-3-hydroxyr pyl-indenyl)) zirconium dichl ride; 
ethylidene(l-(2-(3-hydroxypropyl)-indenyi))(l-indenyl) zirconium dichloride; 
ethylidene(l-(3-3-hydroxyropyl-mdenyl))(l-indenyl) zirconium dichloride; 

zirconium dichloride; 



zirconium 



zirconium 
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ethylidene(lK3-3-hydroxyropyI-indenyI))(l-(2-methyl-indenyl)) zirconium dichloride; 
ethyUdene(l-(2K3-hydroxypropyl)-indenyl)X9-fluorenyl) zirconium dichloride; 
ethylidene(l-(3-3-hydroxyropyl-indenyl))(9-fluorenyl) zirconium dichloride; 
dichloride; 

ethylideoebis(l-(2-(2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 
ethylideuebis(l-(3*(2-hydroxy-ethoxy-iiidenyl)) zirconium dichloride; 
ethyUdene(l-(2-(2-hydroxy^thoxy-indenyl))(l-indcayl) zirconium dichloride; 
ethylidene(l-(3-(2-hydroxy-ethoxy-indenyl))(l-indenyl) zirconium dichloride; 
ethyhdene(l-(2K2-hydroxy-ethoxy-indenyl)Xl-(2-methyl-mdenyl)) zirconium dichloride; 
ethyUdene(l<3K2-hydroxy-ethoxy-indenyl)XlK2-methyl-indenyl)) zirconium dichloride; 
ethylidene(l-(2-(2-hydroxy.ethoxy-indenyl))(9-fluorenyl) zirconium dichloride; 
ethylidene(K3-(2-hydroxy-ethoxy-indenyl))(9-fluorenyi) zirconium dichloride; 
ethyhdene(H2^2-hydroxy-etho^ zirconium dichloride; 
ethyhdene(l-(3^2-hydroxy-ethoxy-indenyl)X9-(2-methyl-fluoreny^ zirconium dichloride; 
cthyhdenebis(lK2-(2-hydroxy^hyKdimethyl)silyl-indenyl)) zirconium dichloride; 
ethyhdenebis(H3^2-bydroxy-ethyK^ zirconium dichloride; 
ethyUdene(M2K2-hydroxy^hyK^ zirconium dichloride; 
ethylidene(M3<2-hydroxy-e^ zirconium dichloride; 
ethylidene(l-(2K2-hydroxy^hyKdimethyl)sUyl-indenyl)XH^ zirconium dichloride; 
ethyhdene(H3K2-hydroxy-ethy^^ zirconium dichloride; 
ethyUdene(lK2K2-hydroxy^thyKdimethyl)silyl-indenyl))(9-^ zirconium dichloride; 
ethyUdene(l-(3^2-hydroxy^thyl-(dimethyl)sUyl-indenyl» zirconium dichloride; 
ethyUdene(l-(2K2-hydroxy-e^ arconium dichloride; 
ethyBdene(l-(3^2-bydroxy-ethyKdi^ zirconium dichloride; 
dimethylsUylenebis(9-(l-(2-hydroxyethyl)-fluoreiiyl)) zirconium dichloride; 
dimethylsUylene(9<M2-hydro^ zirconium dichloride; 
dimethylsUytene(9-(K2^^ zirconium dichloride; 
dimethylsUylene(9-(l-(2-hydn)xyethyl)-fluorenyl)Xl -indent) zirconium dichloride; 
dimethylsiiylene(9-(l-(2-ty^ zirconium dichloride; 
dimethylsilylenebis(9-(l-(3-hydroxyropyl)- fluoienyl)) zirconium dicliloride, 
dimethylsUylene(9Kl-(3-hydroxyropyl)-auorenyl))(9-£luorenyO zirconium dichloride; 
dimethylsi!ylene(9KM3-hy^^^ zirconium dichloride; 
dimethylsilylen<9-(M3-hydr^^ zirconium dichloride; 
dimethylsUylene(9Kl-(3-hydroxyropyl)-fluorenyl))(9-(2-m^ zirconium dichloride; 
^ TO -thylsitylenebis(9-(l-(2-hydroxy-ethoxy)-fluorenyl)) zirconium dichloride; 
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dimethylsilyIene(9<l-(2-hydroxy^hoxy)-fluorenyl))(9-fluorenyO zirconium dichloride; 
dimethylsily1ene(9<l-(2-hydroxy-eth^ zirconium dichloride; 

dimethylsdylene(9KH2-hydroxy^thoxy)-fhiorenyl))(l-indenyl) zirconium dichloride; 
dimethylsilytene(9-( 1 -(2-hydroxy-et hoxy)-fluorenyl)X9-(2-methyl-£luorenyl)) zirconium dichloride; 
5 dimethylsilylenebis(9-( 1 -(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl)) zirconium dichloride; 

dimethylstfylene(9-(l-(2-hydi oxy-^ zirconium dichloride; 

dimethylsUylene(9-(K2-hydroxy-ethyl-(dimethyl)sUyl-fluora zirconium 
dichloride; 

dimethylsUylene(9<l-(2-hyd^oxy-ethyH zirconium dichloride; 

10 dimethyisilylOTe(9KH2-hydro zirconium 
dichloride; 

isopropylidenebis(9-(l-(2-hydroxyethyl)-fluorenyl)) zirconium dichloride; 

isopropylidene(9-(l-(2-hydroxyelhyl)-fluorenyl))(9-fluorenyl) zirconium dichloride; 

isopropyhdene(9^H2-hydroxyethyl)-fluorenyl)XH2-iuethyl-indenyl)) zirconium dichloride; 
1 5 isopropylidene(9-(l -(2-hydroxyethyi)-fluorenyl))(l-indenyl) zirconium dichloride; 

isopropylidene(9-(l-(2-hydroxyethyl>-fluorenyt))(9-(2-methyl-fluorenyI)) zirconium dichloride; 

isopropylidenebis(9-(l-(3-hydroxyropyl)-fluoren5i)) zirconium dichloride; 

isopropylidene(9-(l-(3-hydroxyropyl)-fluoreityl))(9-fluorenyl) zirconium dichloride; 

isopropylidene(9-(H3-hydroxyropyl^ zirconium dichloride; 

20 isopropyhdene(9-(l-(3-hydroxyropyI)-fluorenyl)Xl-indenyl) zirconium dichloride; 

isopropy lidene(9-( 1 -(3-hydroxyropyl)-fluorenyl)X9-(2-methyi-fluorenyl)) zirconium dicldoride; 

isopropylidenebis(9-<l-(2-hydroxy-ethoxy)-fluorenyl)) zirconium dichloride; 

isopropylidene(9-(l-(2-hydroxy-ethoxy)-fluoreny0)(9-fluorenyl) zirconium dichloride; 

isopropyUdene(9-(l-(2-hydroxy-ethoxy)-fluorenyl))(H2-methyl-indenyI)) zirconium dichloride; 
25 isopropylidene(9-(l-(2-hydroxy-ethoxy)-fluorenyi)Xl-i n< l en yl) zirconium dichloride; 

isopropyhdene(9-(l-(2-hydroxy-eth^^ zirconium dichloride; 

isopropyUdenebis(9^1-(2-hydroxy^hyl-(dimethyl)silyl-fluorenyD) zirconium dichloride; 

isopropytidene(9^H2-hydroxy-ethyH^ zirconium dichloride; 

isopropylidene(9-( l-(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl)X 1 -(2-methyl-indenyl)) zirconium 
30 dichloride; 

isopropyUdene(9-(l-2-hydroxy-ethyKdimethyI)sUyl-fluorenyl))(l-indenyO zirconium dichloride; 
isopropylidene(9-( 1 -2-hydroxy-ethyi-(dimethyl)si^ zirconium 
dichloride; 

ethylidenebis(9-(l-{2-hydroxyethyl-fluorenyl)) zirconium dichloride; 

zirconium dichloride; 
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ethylidene(9-(l -(2-hydroxyethyl-fluorenyl))(H2-methyl-indenyl)) zirconium dichloride; 
ethylidene(9-(l-(2-hydroxyethyl-fluorenyl))(l-indenyl) zirconium dichloride; 
ethyUdene(9-(H2-hydroxyethyMluore^^ dichloride; 
ethylidenebis(9-(l-(3-hydroxyropyl-fluorenyl)) zirconium dichloride; 
ethylidene(9-(l-(3-hydroxyropyl-fluorenyl))(9-fluorenyl) zirconium dichloride; 
ethyMeae(9Kl-(3-hy(koxyrop^ zirconium dichloride; 

ethyhdene<9Kl-(3-hydro^opyl-fluoreTiyl))(l-indenyl) zirconium dichloride; 
ethyhdene(9-(l-(3-hydroxyropyl-fluore^ zirconium dichloride; 

ethylidenebis(9-(l-(2-hydro)cy-ethoxy-fluorenyl)) zirconium dichloride; 
ethylidene(9-(l-(2-hydroxy-ethoxy-fluorenyl))(9-fluorenyl) zirconium dichloride; 
ethyhdene<9^1K2-hydroxy-ethoxy-fluorenyl))(lK2-methyl-indenyl)) zirconium dichloride; 
ethylidene(9-(l-(2-hydroxy-ethoxy-fluorenyl)Xl-indenyl) zirconium dichloride; 
ethyttdene(9-(H2-hydroxy-ethoxy^ 

ethyUdenebis(9Kl-(2-hydroxy-ethyKdimethyl)silyl-fluorenyl)) zirconium dichloride; 
ethyUdOTe(9-(H2-hydroxy^hyH^ zirconium dichloride; 

ethyhdene(9-(H2-hydroxy-ethyH^ zirconium dichloride; 

ethyhdene(9^M2-hydroxy^hyl-(^ zirconium dichloride; 

ethyhdene(9HM2-hydroxy-e^ zirconium dichloride; 

2-hydroxyethyl(methyl)silandiylbis(cyclopentadienyl) zirconium dichloride; 
2-hydroxyethyl(methyl)silandiylbis(9-fluorenyl) zirconium dichloride; 
2-hydroxyethyl(methyl)sUandiyl(cyclopentadienylXl-in^yD zirconium dichloride; 
2-hydroxyethyl(methyl)sUanrt^^ zirconium dichloride; 

2-hydroxyethyl(methyl)sUan%l(cyclopentadienylX9-fluorenyl) zirconium dichloride; 
2-hydroxyethyl(methyl)silndiyl(cyclopentadieity^ zirconhim dichloride; 

2-hydroxyethyl(methyi)silandiylbis(l-indenyl) zirconium dichloride; 

2-hydroxyethyl(methyl)sUandiyl(cyclopentadienyl)(H2-methyfc^ zirconium dichloride; 

2- hydroxyethyl(methyl)sUandiylbis(l-(2-methylbenzoindenyO zirconium dichloride; 

3- hydroxyropyl(methyl)silandiylbis(cyclopentadienyl) zirconium dichloride; 
3-hydroxyropyl(methyl)silandiylbis(9-fluorenyl) zirconium dichloride; 
3-hydroxyropyl(methyl)silaudiyI(cyclopentadienyl)(l-iiidenyl) zirconium dichloride; 
3-hydroxyropyl(methyl)sUandiyl(cyclopentadienyD(H2-methyl-indenyl)) zirconium dichloride; 
3-hydroxyropyl(methyl)silandiyl(cycIopentadienyl)(9-fluorenyl) zirconhim dichloride; 
3-hydroxyropyl(methyl)sU^ zirconium dichloride; 
3-hydroxyropyl(methyl)sUandiylbis(l-indenyl) zirconium dichloride; 

^hv<JroxyropyKme^ zirconium dichloride; 
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2-hydroxy-ethoxy(methyl)silandiylbis(cyclopentadienyl) zirconium dichloride; 
2-hydroxy-ethoxy(raethyl)sUandiyl(cycIopcntadienyI)(l-indra zirconium dichloride; 
2-hydroxy^thoxy(methyl)silandiyi(cyclopentadienylXH2-methyl-m^^ zirconium dichloride; 
2-hydroxy^hoxy(methyl)silan^ zirconium dichloride; 

5 24iydroxyH5thoxy(methyl)sUa^^ zirconium dicldoride; 

2-hydimy-ethyKdimefoyl)sUyl-(m zirconium dichloride; 

2-hydroxy-ethyl-(4methy^ 

2-hydro>tyH!foyl-(dirrie^ zirconium 
dichloride; 

1 0 2-hydroxy-etayHdimethyl)^^ zirconium dichloride; 

2-hydroxy^hyl-(dimetoyl)suyHm zirconium 
dichloride; 

2-hydroxyethyl-(methyl)methylidenebis(cyclopeiitadienyl) zirconium dichloride; 
2-hydroxyethyHmeUiyl)methyUdene(cyclopentadienyl)(l-indeiiyl) zirconium dichloride; 
1 5 2-hydroxyethyKme%l)melhyUdene(cyclopentamenyl)(l -(2-methyl-indenyl)) zirconium dichloride; 
2-hydroxyethyKmethyl)metliyfc^ zirconium dichloride; 

2-hydroxyemyKmethyt)methyM^ zirconium dichloride; 

2- hydroxyethyl-(methyl)methylidenebis(l-indenyl) zirconium dichloride; 

24iydroxyetoyHmethyl)metty^ zirconium dichloride; 

20 3-hydn>xyropylKniethyl)methylidenebis(cyclopentadienyI) zirconium dichloride; 

3- hydroxyropyHmetbyi^ zirconium dichloride; 
34iydroxyropyKmethy0methyhden^ zirconium dichloride; 
3-hydroxyropyl-(methyQmethyM zirconium dichloride; 
3-hydioxyropyl-(memyl)meto^ zirconium dichloride; 

25 3-hydroxyropyl^methyl)methylidend>is(l-indenyl) zirconium dichloride; 

3-hyd^oxyropyKmethyl)m zirconium dichloride; 

2-hydn>xy^thoxyKmelhyl)methylidenebis(cyclopentamenyO zirconium dichloride; 

2-hydroxy-euhoxy^methyl)metJiyhdene(cyclopentaa^enylXl-indenyI) zirconium dichloride; 

2-hydroxy-ethoxy-(methy0methyUden^ zirconium dichloride; 

30 2-hydioxy-edioxy-(memyl)metoyHdene^ zbconium dicWoride; 

2-hytoxy-ethoxy-(methyl)me^ zirconium dichloride; 

2-hydroxy-emyKdimetiryl)silyl-(memyl)meA zirconium dichloride; 

2-hydroxy-etoyK*metoyl)sU^ zirconium dichloride; 

2-hydroxy^hyKdtoethyl)sily^^ zirconium 

: .: : : : :: 
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2-hydroxy-ethyKdimethyO^ 

2-hydroxy-ethylK<liniethyl)sUyHmethyl)methyUde zirconium 
dichloride; 

2-hydroxy-ethyl-(dimethyI)suyKniethyl)methyIidenebis(l-indenyL) zirconium dichloride; 
5 l-(2-hydroxyethyl)-ethylidenebis(cyclopentadienyl) zirconium dichloride; 

l-(2-hydroxyethyl)-etiiyhdene-l-(cyclopeutadienyl>2-(l-uideny^ zirconium dichloride; 
l-(2-hydn>xyethyl)-etty^ zirconium dichloride; 

l-(2-hydroxyethyl)-ethyndene-H<^^ zirconium dichloride; 

H2-hydroxyetbyl>ethytidene^ zirconium dichloride; 

10 l-(2-hydro^ethyl)-ethylidenebis(l-indenyl) zirconium dichloride; 

l-(3-hydroxypropyl)-ethylidenebis(cyclopentadienyl) zuxonium dichloride; 
l-(3-hydroxypropyI)^thyhdene-lKcyclopentadienyl>.2-(.l-mdenyl) zirconium dichloride; 
1^3-hydroxypropyl)-ethyuden^^ zirconium dichloride; 

l<3-hydioxypropyl)-ethyUdene-l<cyclopentadienyl>2-(9-fluorenyl) zirconium dichloride; 
15 l-(3-hydroxypropyl)-ethyudene-K zirconium dichloride; 

l-(3-hydroxypropyI)-ethylidenebis(l-indenyl) zirconium dichloride; 
H2-hyd^oxyethoxy)-ethyUdenebis(cyclopentadienyl) zirconium dichloride; 
H2-hydroxyethoxy>ethyHdm^^ zirconium dichloride; 

K2-hydroxyethoxy>ethyUdene-H^ zirconium dichloride; 

20 H2-hydroxyeUroxy>et^ zirconium dichloride; 

l-(2-hyd*oxyethoxy)^thy^^ zirconium dichloride; 

l-(2-hydix>xyethyl)-(dimethyI)silyl ethylidenebis(cyclopeutadienyl) zirconium dichloride; 
l-(2-hydroxyethyl>(dimethyl)alyl ethyUdene-l-(cyclopentadienyI)-2-(l-indenyl) zirconium dichloride; 
l-(2-hydroxyethylHaimethyl)alyl ethyUdene-Hcyclopentadienyl)^^^ zirconium 
25 dichloride 

H2-hydroxyethylHdimeth)4)silyl ethy]idene-l-(cyclopentadienyl>-2-(9-fluorenyl) zirconium dichloride; 
l-(2-hydroxyethylHdimethyl)sUyl ethyudene-Mcyclopentadieny!)-2^ zirconium 
dichloride; 

(2-hydroxyethyl)(methyl)sUandiyl-(tertbutylanudo)(cylopert titanium dichloride; 

30 (2-hydioxyetiiyl)(meUiyl)saandiyl-(tertbutylaniido)(tetraine titanium dichloride; 

(2-hydroxyethyl)(methyl)suandiylKtertbutylanudoXl-indenyl) titanium dichloride; 
(2-hydroxyethyl)(methyl)sUand^ titanium dichloride; 

(2-hydroxyethyl)(methyl)^^ titanium dichloride; 

(2-hydroxyethyi)(me%0 titanium dichloride; 

, 3£. v ..._ titanium dichloride; 
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(dimethyl)siIandiyl-(tertbutylamido)(3-((2-ty titanhim dichloride; 

(dimethyl)sUandiyl-(tertbutylamido)(l-(3-(2-hydroxyethyl)indenyl) titanium dichloride; 

(dimethyl)sQandiyi-(2-(2-hydroxyethyl)amidoXcylopentadienyl) titanium dichloride; 

(dimethyl)siIandiyK2-(2-hydroxyethyl)amido)(tetramethylc^lopentadienyi titanium dichloride; 
5 (dimethyI)silandiyl-<2-(2-hy droxyethyI)amido)( 1 -indenyl) titanium dichloride; 

(dunethyl)silaiidiyl-(2-(2-hydroxyetiLyl)aniido)(9-fluoi euyl) titanium dichloride; 

(dimethyl)saandiyK2-(2-hydroxyethyl)amido)(l-(2-methylbenzoindenyl) titanium dichloride; 

(3-hydroxypropyi)(methyl)silandiyI(tertbutyIamidoH^opentadienyl) titanium dichloride; 

(3-hydroxypTopyl)(methyl)sUandiyl-(tertbutylamido)(tetramethylcyclopenta titanhim dichloride; 
10 (3-hydroxypropylXmethyl)silandiyl-(tertbutylamido)(l-indenyl) titanium dichloride; 

(3-hydroxypropylXmethyl)silandiyl-(tertbutylamidoXH2-methyI-indenyl)) titanium dichloride; 

(3-hydrox>propylXmethyl)silandiyl-(tertbutyIamidoX9-fluorenyl) titanium dichloride; 

(3-hydroxypropylXmethyl)sUandiyl-(t^butylamidoX9-(2-methyl-fluorenyl)) titanium dichloride; 

(3-hydroxypropyI)(methyl)saandiyl(t^^ titanium dichloride; 

15 (dimethyI)saandiyl-(tertbutylamidoX3-((3-hydroxypropyl)cyiopenta<U titanium dichloride; 

(dimethyi)stfandiyl-(tertbutylanudoX titanium dichloride; 

(dimethyl)sUandi^-(3-(3-hydroxypropyl)aniido)(cylopentadienyl) titanium dichloride; 

(dimethy!)sUandiyl-(3^3-hydroxyp^ titanium dichloride; 

(dimethyl)sUandiyK3^3-hydroxypropyl)amido)(l-indenyl) titanium dichloride; 
20 (dimethyl)sUandiyl^3^3-hydroxypropyl)amido)(9-tluorenyl) titanium dichloride; 

(dimethyl)^andiyl^3-(3-hydn)xypropyl)amidoXH2-methylbenzoindenyl) titanium dichloride; 

2-hydroxyetliyl-methoxy (methyl)silandiyl-(tertbutylamido)(cylopentadienyl) titanium dicldoride; 

2-hydroxyethyl-methoxy(methyl)stfand^ titanium 

dichloride; 

25 2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamidoXl -indenyl) titanium dichloride; 

2-hydroxyethyl-methoxy(methyl)sUa^ titanium dichloride; 

2-hydroxyethyl-methoxy(methyl)sUand^ titanium dichloride; 

2-hyd^oxyethyl-methoxy(methyl)sU^ titanium dichloride; 

(2-hydroxyethoxy)(methyl)sUandiyl-(tertbutylamidoXcylopentadienyl) titanium dichloride; 
30 (2-hydroxyelhoxyXmetiiyl)sUandiyl-(lert^^ titanium dichloride; 

(2-hydroxyethoxyXmethyl)silandiyI-(tertbutylamidoXl -indenyl) titanium dichloride; 

(2-hydroxyeth xy)(methyl)silandiyl-(tertbutylamido)(l-(2-methyI indenyl)) titanium dichloride; 

(2-bydroxyethoxy)(methyl)sUandiyKtertbutylamido)(9-flu renyl) titanhim dichloride; 

(2-hydroxyethoxyXmethyl)saan^ titanium dichloride; 
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(2-hydroxyethy])-(ditnethyl)silyl-(methyl) sUandiyl^tertbutylamidoXtetramethylcyclopentadienyl) titanium 
dichloride; 

(2-hydroxye*hylMdimethyO titanium dichloride; 

(2-hydroxyethylMdimethyI)suyl^ titanium 
dichloride; 

(2-hydroxyetoyl)-(dimethyl)^ titanium dichloride; 

(2-hydroxyeth5d)-(dimethyl)sUyl-(methyl)sUandiyHtert^ titanium 
dichloride; 

(2-hydroxye*hyl)-(methyl)me^ titanium dichloride; 

(2-hydroxyethylMmethyI)meth^ titanium dichloride; 

(2-hydroxyethyl)-(methyl)met^^^ titanium dichloride; 

(2-hydroxyethylMroethyl)m^ titanium dichloride; 

(2-hydroxyethyl)^methyl)methylene(tertbutylamido)(9-fluorenyl) titanium dichloride; 
(2-hydroxye%lMmeutyl)me^ titanium dichloride; 

(3-hydroxypropylHmethyl)methylOT titanium dichloride; 

(3-hydroxypropylHmethyI)me^ titanium dichloride; 

(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(indenyl) titanium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamidoX2-methyl-indenyl) titanium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamidoX9-fluorenyl) titanium dichloride; 
(3-hydroxypropylHniethyl)methylene(tert^ dichloride; 
2-hydroxyemyl-methoxy(methyl)m^ titanium dichloride; 

2-hymoxyemyl-nieu^oxy(niemyl)memylene(tertbutylanii titanium 
dichloride; 

2-hydroxyefoyl-methoxy(methyl)me titanium dichloride; 

2-hyaroxyethyl-methoxy(methy0 titanium dichloride; 

2-hydroxyethyl-methoxy(methyl)^ titanium dichloride; 

2-hydroxyethyl-methoxy(met titanium dichloride; 

(2-hydroxyethoxy)-(methyl)methylene(^^^ titanium dichloride; 

(2-hydroxyethoxy)-(methyl)me^ titanium dichloride; 

(2-hydroxye&oxyHniethyl)ine titanium dichloride; 

(2-hydroxyethoxyHmethyl)metty^^^ titanium dichloride; 

(2-hya^oxyethoxy)-(metayl)me^ titanium dichloride; 

(2-hydroxyethoxyMmethyl)raeth^ titanium dichloride; 

(2-hydroxyethyl)-(dlmeth^ titanium dichloride; 
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(2-hydroxyethyl)-(dimethyl)silyl (methyl) methylene (tertbutyiamido) (tetramethylcyclopentadienyl) 
titanium dichtoride; 

(2-hydroxyethylHdimethyt)si!yl-(methyl)methilene(tertbutylwm^ dichloride; 
(2-hyckoxyethylMdimethyl)suy^ titanium 
5 dichloride; 

(2-hydroxyediyl)^dimethyl)sUyl-(raeUiyl)mefliUene(tertbutyl^ dichloride; 
(2-hydroxyethylH^<rtM)^yHme^ titanium 
dichloride; 

(2-hydroxyethyl)(methyl) silandiyl-oxo(cylopentadienyl) titanium dichloride; 
1 0 (2-hydroxyethyl)(methyl) silandiyl-oxo-<tetramethylcyclopentadienyl) titanium dichloride; 

(2-hydroxyethyl)(methyl) sUandiyl-oxo(l-indenyl) titanium dichloride; 

(2-hydroxyethyl)(methyl) silandiyl-oxo(K2-methyl-indenyl)) titanium dichloride; 

(2-hydroxyethyQ(methyl) sttandiyl-oxo(9-fluorenyl) titanium dichloride; 

(2-hydroxyethylXmethyl) silandiyl-oxo(9-(2-methyl-fluoreuyl)) titanium dichloride; 
1 5 (3-hydroxypropylXmethyl) silandiyl-oxo(cylopentadienyl) titanium dichloride; 

(3-hydroxypropyiXmethyl) silandiyl-oxo(tetramethy!cyclopentadienyl) titanium dichloride; 

(3-hydroxypropyl)(methyl) silandiyl-oxo(l-indenyl) titanium dichloride; 

(3-hydroxypropyl)(methyl) silandiyI-oxo(l-(2-methyl-indenyl)) titanium dichloride; 

(3-hydroxypropylXmethyl) silandiyl-oxo(9-fluorenyl) titanium dichloride; 
20 (3-hydroxypropylXmethyl) silandiyl-oxo(9-(2-methyl-fluorenyi)) titanium dichloride; 

2-hydroxyethyl-methoxy(methyl) sUandiyl- oxo(cylopentadienyI) titanium dichloride; 

2-hydioxyemyl-methoxy(inethyi) alandiyl-oxo(tetrametliylcyclopentadieiiyl) titanium dichloride; 

2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(l-indeuyl) titanium dichloride; 

2-hydroxyethyi-methoxy(methyI) silandiyi-oxo(l-(2-methyi-mdenyl)) titanium dichloride; 
25 2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(9-fluorenyl) titanium dichloride; 

2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) titanium dichloride; 

(2-hydroxyethoxy)(methyl) sUandiyl-oxo(cylopentadienyl) titanium dichloride; 

(2-hydroxyethoxy)(methyl) silandiyl-oxo(tetramethylcyclopentadienyl) titanium dichloride; 

(2-hydroxyethoxy)(methyl) silandiyl-oxo(l-indenyl) titanium dichloride; 
30 (2-hydroxyelhoxyXinethyI) sttandiyl-oxo(l-(2-metiiyl-uidenyl)) titanium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(9-fluorenyl) titanium dichloride; 
(2-hydroxyethoxy)(methyi) silandiyl-oxo(9-(2-methyl-fluorenyl)) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(meth^) silandiyl-oxo(cylopentadienyl) titanium dichloride; 
(2-hydroxyethylHdiniethyl)silyl-(meth)4) silanmyl-oxo(teti^emyicyclopentadieti>4) titanium dichloride; 
, : „, silandiyl-oxo(l-indenyl) titanium dichloride; 



*OOCID:<E1 9S5OO106O2> 



24 



(2-hydroxyethylHdimethyl)silyl-(methyl) silandiyl-oxo(l -(2-methyl-indenyl)) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo(fluorenyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)sUyl-(methyl) silandiyl-oxo(9-methylfluorenyl) titanium dichloride 
(2-hydroxyethyl)(methyl)syandiyl-(tertbutylaniidoXcylopentadienyl) zirconium dichloride; 
5 (2-hydroxyethyl)(methyl)sUandiyl-(tertbutylamido)(tetramethylcylopentadienyl) zirconium dichloride; 
(2-hydroxyetliyl)(methyl)silandiyl-(tertbutylainido)(l-indenyl) zirconium dicliloride, 
(24iydroxyethyIXmethyl)silandiyK^^ zirconium dichloride; 

(2-hydroxyethyl)(melJi5l)sUandiyI-(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
(2-hydroxyethylXmethyl)sUandiyHtertbutylam^ dichloride; 
10 (24iydroxyethyiXmethyl)silandiyl-(tertbutyiamido)(l-(2-metthyIbe zirconium dichloride; 

(dimethyl)silandiyl-(tertbutylam zirconium dichloride; 

(dimethyl)silandiyl-(tertbutylamidoXl-(3^2-hydroxyethylJindenyl) zirconium dichloride; 
(dimethyl)silandiyl-(2-(2-hydroxyethyl)amido)(cylopentadienyi) zirconium dichloride; 
(dimethyl)sUandiyH2^2-hydroxyethyl)^ zirconium dichloride; 

15 (dimethyl)silandiyl-{2-(2-hydroxyethyl)aniido)(l-indenyl) zirconium dichloride; 

(dimethyl)si!andiyl-(2-(2-hydroxyethyl)ainido)(9-fluorenyi) zirconium dichloride; 
(dimethyl)sUandiyK2-(2-hydroxyethyl)amidoXl-(2-meth>ibenzoindenyl) zirconium dichloride; 
(3-hydro^ropylXraethyl)s0andiyl(tertbutylamido>-(cylopentadienyl) zirconium dichloride; 
(3-hydroxypropylXmethyl)sUandiyl-^ zirconium dichloride; 

20 (3-hydroxypropylXmethyl)siIandiyl-(tertbutylamidoXl-indenyl) zirconium dichloride; 

(3-hydroxypropyl)(methyl)siland^^^ mconium dichloride; 

(3-hydroxypropyl)(methyl)sflandiyKtertbutylamido)(9-fluorenyl) zirconium dichloride; 
(3-hydroxypropyl)(methy0silandiyKtertbutylamido)(9^2-methyl-flu^^ zirconium dichloride; 
1 ^ (34iydroxypropylXmethyl)sflandiyl(tert^^ 2irconhim dichloride; 

25 (dimethyl)silandiyHtertbutylamidoX zirconium dichloride; 

(dimethyl)sUandiyKtertbu^^ zirconium dichloride; 

(dimethyl)silandiyH3K3-hydroxypropyO zirconium dichloride; 

(dimethyl)stiandiyl-(3K3-bydroxypro^ zirconium dichloride; 

(dimethyl)alandiyl-(3-(3-hydroxypropyi)amido)( 1-indenyO zirconium dichloride; 
30 (dimethyl)silandiyl-(3-(3 -hydroxypropyl)ajnidoX9-fluorenyl) zu conium dichloride; 

(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(H2-methylbenzoindenyO zirconium dichloride; 
2-hydroxyethyl-methoxy (meth>i)silandiyl-(tertbutylamidoXcylopentadienyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)sUandiy^^ zirconium 
dichloride; 

.. . ^.^S^.^^^The^ zirconium dichloride; 
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2-hydroxyethyl-methoxy(methyl)sil^ zirconium dichloride; 

2-hydroxyethyl-methoxy(methyl)sil^ zirconium dichloride; 

2-hydroxyethyl-methoxy(meiliyl)sUand^ dichloride; 

(2-hydroxyethoxy)(methyI)siJand^ zirconium dichloride; 

5 (2-hydroxyethoxy)(raethyi)sUandiyl-(tertbutylaimdo)(tetr^ zirconium dicliloride; 

(2-hy<hoxyeUioxy)(mefoyl)sUan^ zircoiiiuin dichloride; 

(2-hydroxyemoxy)(memyl)silandiyl^ zirconium dichloride; 

(2-hydVoxyethoxy)(methyl)^ zirconium dichloride; 

(2%droxydhoxy)(methyl)silan^ zirconium dichloride; 

1 0 (2-hydroxyetJtylHdmethy^ arconium dichloride; 
(2-hydroxyethyl)-(<lunethyl)silyl-(methyl) sttandiyHtertbutylar^^ 
zirconium dichloride; 

(2-hydroxyethylH<i™eu^ zirconium dichloride; 

(2-hydroxyeQiylMdimemyI)^ 1 -(2-inefliyl-indeiiyl)) zirconium 
IS dichloride; 

(2-hydroxyethylH<^etayl)s^ zirconium dichloride; 

(2-hydroxyelhyl>(dimethyl)sUyKniethyl)saandiyl-(tert zirconium 
dichloride; 

(2-hydroxyethylMniethyl)^ zirconium dichloride; 

20 (2-hydroxyethylMmethyl)me^ zirconium dichloride; 

(2-hydYoxyethyl)-(methyl)methylene(tertbutylamido)(l-indenyl) zirconium dichloride; 

(2-hydroxyemylHmemyl)memyleiie(teitbutylaimdo)(1^2-u zuconiuin dichloride; 

(2-hydroxyethylM met hyl)me^ zirconium dichloride; 

(2-hydroxyemyl)-(methyl)memylene(tertbutylaimdo)(9-(2-mem^ zirconium dichloride; 

25 (3-hyd*oxypropyl)-(methy!)mrt zirconium dichloride; 

(3-hydroxypropylH«i^yO met M zirconium dichloride; 

(3-hydroxypropylH™« t M)niethylene(tertbutyIaniido)(mdenyl) zirconium dichloride; 

(3-hydroxypropylHmethyl)meth^ zirconium dichloride; 

(3-hydroxypropyl>(methyl)methylene(tertbutylamido)(9-fluorenyl) zirconium dichloride; 

30 (3-hydroxypropylHmethy0inethylen zuconiuin dicliloride; 

2-hydroxyemyI-methoxy(methyI^ zirconium dichloride; 

2-hydroxyetJiyI-methoxy(methyi)m zirconium 

dichloride; 

2-hyd^oxyethyl-methoxy(mem^ zirconium dichloride; 
v v 35 , ^hvdroxyethyl-metho^ zirconium dichloride; 
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2-hydroxyethyl-methoxy(methyl)methylen(4ertbutylamido)(9-fluorenyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)m^ 
(2-hydroxyethoxyMmethyl)methylen^ 
(2-hydroxyethoxyMmethyl)methylene(tertbu^^ 
5 (2-hydroxyethoxy>(methyI)methylen(tertbutylainidoXl-indenyl) zirconium dichloride; 

(2-hydroxyethoxyMmethyl)me^ 

(2-hydroxyethoxyH'n€thyl)methyleii(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
(2-hydroxyethoxy)-(methyl)methy^^ 
(2-hydroxyethylM<iiraethyl)s^ 
10 (2-hydroxyethyl)-(dimethyl)silyl (methyl) methylene (tertbutylamido) (tetramethylcyclopentadienyl) 

zirconium dichloride; 
(2-hydroxyethyl)-(dmetayl)si^ 

(2-hydroxyemylMdimethyl)sUyKn^^ zirconium 
dichloride; 

15 (2-hydroxyethylMdmethyl)sUyHme^ zirconium dichloride; 

(2-liydroxyethylH<imemyl)sflylKmethyl)methilene(tert^ zirconhjm 
dichloride; 

(2-hydroxyethyl)(methyl) silandiyl-oxo(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethylKmethyl) s"dandiyl-oxo-(tetramethylcyclopentadienyl) zirconium dichloride; 
20 (2-hydroxyethylXmethyl) silandiyl-oxo(l-indenyl) zirconium dichloride; 

(2-hydroxyethyl)(methyl) silandiyl-oxo(l-(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethyl)(methyl) silandiyl-oxo(9-fluoieuyl) zirconium dichloride; 
(2-hydroxyethyl)(methyl) silandiyl-oxo(9-{2-methyl-fluorenyl)) zirconium dichloride; 
^ (3-hydroxypropyl)(methyl) silandiyl-oxo(cylopentadienyl) zirconium dichloride; 

25 (3-hydroxypropyl)(methy0 silandiyl-oxo(tetramethylcyclopentadieiryl) zirconium dichloride; 
(3-hydroxypropyl)(methyl) silandiyl-oxo(l-indenyl) zirconium dichloride; 
(3-hydroxypropyl)(methyl) sUandiyl-oxo(l-(2-methyl-indenyl)) zirconium dichloride; 
(3-hydroxypropyl)(methyl) silandiyl-oxo(9-fluorenyl) zirconium dichloride; 
(3-hydroxypropylXmethyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) zirconium dichloride; 
30 2-hydroxyethyl-methoxy(metiiyl) silaudiyl- oxo(cylopentadienyl) zirconium dichloride, 

2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(tetramethylcyclopentadienyO zirconium dichloride; 
2-hydroxyethyl-methoxy(methyI) silandiyl-oxo(l-indenyO zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(l-(2-methyl-indenyl)) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl) sUandiyl-oxo(9-fluorenyl) zirconium dichloride; 
a*...., ^Mvoxyem-^oyyimiAhy^ S aandiyl-oxo(9-(2-methyl-fluorenyl)) zirconium dichloride; 
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(2-hydroxyethoxy)(methyl) silandiyl-oxo(cylopentadienyl) zircoxiium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(tetramethylcyclopentadienyl) zirconium dichloride; 
(2-hydroxyethoxyXmethyl) silandiyl-oxo(l-indenyl) zirconium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(l-(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(9-fluorenyl) zirconium dichloride; 
(2-hydroxyethoxy)(niethyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(2-hydroxyethyl)-(^»ni e Ayl)silyl-(methyl) silandiyl-oxo(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyi-oxo(tetramethylcyclopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyi-(methyi) silandiyi-oxo(l-indenyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyKmethyl) silandiyl-oxo(l-(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethylHdimethyl)silyl-(niethyl) silandiyl-oxo(fluorenyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyKniethyl) stfandiyl-oxo(9-metbylfluorenyi) zirconium dichloride 
ethylidene(l-(3-(3-hydroxypropyl)-indenyl)Xcyclopenladienyl) zirconium dichloride; 
ethylidene(l-(3-(2-hydroxyethyl)-indeiiyl))(cyclopeutadieiiyl) zirconium dichloride; 
diniethylsUandiyl(l-(3-(2-hydroxyethyl)-indenyl))(cyclopemadienyl) zirconium dichloride; 
dimeth^silandiyl(l-(3-(3-hydroxypropyl)-indenyl)) (cyclopentadienil) zirconium dichloride; 
isopropyUdene(H3-(2-hydroxyethyl)-mdenyl)X<^ciopentadienyl) zirconium dichloride; 
isopropylidene(l-(3-(3-hydroxypropyl>indenyl(cyclopenta(Kenyl) zirconium dichloride; 

The metallocene complexes belonging to the general formula I can be prepared through reaction of a 
compound of general formula [(LRk.^O J)£>]M* , wherein NT is an alkali metal, preferably Li, Na or K and 
J is a protective group that masks the OH group, with a transition metal compound of general formula 
(LR k ) t MX n (E) q , wherein E is a linear or cyclic ether, q is a number ranging from 0 to 4 and n is an integer 
number ranging from 2 to 4 and L, R, k, z and X have been already defined. 

The metallocene complexes belonging to the general formulas II and EQ can be prepared through 
reaction of a transition metal compound of general formula MXnCE)^ wherein E is a linear or cyclic ether, 
q is a number between 0 and 4 and n is 3 or 4, with another compound of general formula 
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wherein M 7 is an alkali metal, preferably Li, Na or K and J is a protective group that masks the OH 
group, for example it is a SiR u 3 or another protective group known in the art. Preferred transition metal 
compounds of formula MX^), are TiCL,, ZrCl 4 . HfCI 4 , TiCI 3 , TiCl 3 » 2THF. 

The reaction between the transition metal compound and the alkali metal derivative is preferably 
5 realized in a dry nitrogen atmosphere, by using anhydrous solvents such as linear or cyclic ethers (for 
example diethylether, tetrahydrofurane or dioxane), or aromatic hydrocarbons such as toluene. 

The group OJ is then cleaved by a fit reaction. For example, when the protective group J is SiR n 3 , the 
de-protection reaction can be an hydrolysis reaction carried out in acidic medium; preferably the hydrolysis 
reaction is made with silica. 

10 Metallocenes containing a 0-SiR n 3 group can be prepared according to the method disclosed in EP 

97500068.6. 

The compounds of formula I, II or III can be supported on a proper support. Any type of inorganic 
porous support can be used, for example inorganic oxides, such as: silica, alumina, silica alumina, 
aluminium phosphates and mixtures thereof In a preferred embodiment the inorganic porous support has 
15 an alumoxane present onto its surface. 

The alumoxane can be introduced onto the support by any method known in the art. For example the 
alumoxane can be deposited onto the surface of the inorganic support by dissolving the alumoxane into a 
suitable solvent and adding the inorganic support into the solution, or it can be deposited onto the surface 
of the porous support by precipitation of the alumoxane in the presence of the support. 
20 It is also possible to prepare the alumoxane directly on the surface of the porous support by reacting an 

aluminum alkyl with the hydration water present onto the support surface. 

A method that can be fit for preparing supported catalysts according to this invention consists in the 
impregnation, under anhydrous conditions and inert atmosphere, of the solution of any metallocene of 
formula I, II or IE, or a mixture thereof on the supporting material at a proper temperature, preferably 
25 between -20° C and 90 °C. The supported catalyst that contains the metallocene can be obtained through 
filtration and washing with a proper solvent, preferably an aliphatic or aromatic hydrocarbon without polar 
groups. 

Another method that can properly be used consists in depositing the metallocene on the support by 
using a solution of the compound that has to be heterogenised, eliminating the solvent through evaporation 
30 and then warming the solid residue at a temperature between 25 and 150° C. Besides, the resulting residue, 
obtained by this process, can be subjected to washing and subsequent filtration. 

Another method that can be fit for preparing supported catalysts according to this invention consists in 
reacting a metallocene compound of formula I, II or III with aluminoxane or trialkylahiminum in a non 
polar solvent at a temperature between -20 and 150° C. 
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A clear advantage of this method is that it is possible to obtain catalyst system wherein the metaUocene 
is homogeneously distributed in the solid. 

An advantageous aspect of this invention is that the fixation method, as a consequence of the reaction 
of groups OH with reactive groups of the support surface, prevents the desorption of the supported 
5 metaUocene complexes. This type of interaction represents the main difference between the organo- 
complexes heterogeueisation mechanism and other conventional methods, where the metaUocene complex 
generally remains physisorbed on the support surface. 

Supported metallocene complexes of formula I , II, III can be used in the presence of a cocatalyst for 
olefins polymerization or copolymerization, either in solution or suspension process. 
10 When X is an halogen, OR D or N(R n >2 the preferred cocatalysts are alkylahiminoxane, especially 

methylaluminoxane compounds, and trilakylaluminum, when X is hydrogen or alkyl the preferred 
cocatalysts is a Lewis acid such as boron derivatives for example B(C$F$)3. In addition mixtures of both 
aluminoxane and boron derivatives or alkylaluminium and boron derivatives can be used as cocatalysts. 
When the support contains an aluminoxane on its surface, it is possible to use the supported 
1 5 metaUocene according to the invention without adding a cocatalyst. However the addition of a smaU 
amount of trialkylaluminium helps obtaining higher yields. This fact constitutes a further clear advantage in 
view of most polymerization processes which require large amounts of aluminoxane. 

The most proper polymerization procedure can change according to the chosen type of polymerization 
process (suspension, gas phase, solution or in bulk). 
20 For the polymerization in suspension, the cocatalyst can previously be mixed with the supported solid 

catalyst, can be added to the polymerization medium before the supported catalyst, or both operations can 
be sequentially realized. 

The process consists in putting in contact the monomer, or, in certain cases, the monomer and the 
comonomer, with a catalytic composition according to the present invention, that includes at least one 
25 supported metaUocene complex of formula I, n or m, at a proper temperature and pressure. 

Suitable olefins that can be used as comonomers to obtain ethylene copolymers are "-olefins 
such as propylene, butene, hexene, octene, 4-methyl-l-pentene and cyclic olefins and can be used in 
proportions from 0.1 to 70% by weight of the total of the monomers. In the case of homopolymerization 
of ethylene, the density of polymers ranges between 0.950 and 0.970 gfcm 3 ; in the case of 
30 copolymerization of ethylene, the density Is as low as 0.900 g/cin\ 

To control the molecular weight of the obtained polymers, hydrogen can optionally be used as chain 
transfer agent in such proportions that the hydrogen partial pressure, with respect to the olefin one, be 
from 0.01 to 50%. 
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In the particular case of the polymerization technique known as suspension process or controlled 
particle morphology process, the used temperature will be between 30° and 100 °C, the same which is 
typically used in gas phase. 

The used pressure changes according to the polymerization technique; it ranges from atmospheric 
pressure to 350 MPa. 

The following examples are described in order to better understand the invention. The materials, the 
chemical compounds and the conditions used in these examples are illustrative and do not limit the scope 
of the invention. 

EXAMPLES 

Example L Synthesis of (cvcloDentadie n vn((2-hvdroxv-ethvlVcvclopentadienvn zirconium dichloride 

a) Preparation of 1-t nine thy Isiloxy 2-bromo-ethane 

To 125 g (888 mmol) of 2-bromo-ethanol, 95 nil (1450 mmol) of hexamethyldisilazane are slowly added at 
0° C. Ammonia evolution is immediately observed. The reaction is maintained under stirring for 12 hours 
and a colorless oil is obtained. (168.8 g, 856 mmol. Yield:96%) ! H-NMR (CDC13): 3.66 (t,2H), 3.40 
(UH),0.14fe9H). 

b) Preparation of (2-trimethyIsiloxy-ethyl)-cyclopentadiene 

150 ml of a 2.3 M sodium cyclopentadienylide solution in tetrahydrofurane (346 mmol) is slowly added to 
a solution of 68.2 g (346 mmol) 2-trimethylsiloxy-l-broroo-ethane in tetrahydrofurane. The immediate 
formation of a pinkish solid is observed. The reaction is maintained under stirring for 12 hours. Then, an 
ammonium chloride aqueous solution is added. The organic phase is extracted, dried with magnesium 
sulphate and the volatile part is distilled under vacuum, obtaining an orange oil. This oil is distilled in order 
to obtain a colorless oil. (Tb.: 63-65° C, 0.02 bar). (40.3 g, 221 mmol. Yield:64%). 'H-NMR (CDC13): 
6.50-6.00 (m,3H), 3.75 (m,2H), 2.95 (m,2H), 2.65 (ra,2H), 0.15 (s,9H). 

c) Preparation of potassium (2-tnmethyisiloxy-ethyl)-cyclopentadienylide 

To a suspension of 0.5 g (12.4 mmol) of potassium hydride in tetrahydrofurane, 2.25 g (12.4 mmol) of (2- 
trimethylsiloxy-ethyl)-cyciopentadiene in tetrahydrofurane is added. The reaction is maintained under 
stirring for 2 hours and then the volatile compounds are eliminated, leaving an oily solid which is washed 
with hexane in order to obtain a brown solid. (2.2 g Yield: 81%) 

d) Preparation of (cyclopentadienyi) ((2-trimethylsiloxy-ethyl>-cyclopentadienyl) zirconium dichloride 

To a suspension of 3.52 g (10 mmol) of an adduct of cyclopentadienyi zirconium trichloride with 
dimethoxyethane in toluene, a suspension of 2.2 g (10 mmol) of potassium (2-trimethylsiloxy-ethyl)- 
cyclopentadienylide in toluene is added. The addition is realized at -78° C. An orange-brown suspension is 
fe^ ately formed * lt » maintained under stirring for 12 hours; then it is left settling and it is filtered. The 
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obtained orange solution is concentrated up to 5 ml and hexane is added, so that a brown sofid is obtained. 
(1.1 g, 2.7 mmol Yield: 27%). 'H-NMR: 6.00 (t,2H), 5.87 (s,5H), 5.67 (t,2H), 3.66 (t,2H), 2.92 (t,2H), 
0.1 1 (s,9H), Mass spectrum. NT-65: (343): 33%. 

e) Preparation of (cyclopentadlenylX(2-hydroxy-ethyl)-cyclopentadienyl) zirconium dichloride 
2.16 g (5.69 mmol) of the organocomplex (cyclopentadienyl)(trimethylsiloxyethyl-cydopenta 
zirconium dichloride was added to a suspension of 2.9 g of Silica XPO 2407 in 75 ml of dry toluene at 
room temperature. 

It was necessary only to add the solid sample and it dissolved and the suspension irnmediatery acquired a 
greenish-yellow color. The sample was maintained under continuous stirring at room temperature for 48 
hours. 

The yellow solution was separated from the solid by filtration. The solution was brought to dryness and, 
after washing with three fractions of 15 ml of hexane, a dusty white solid was obtained. (0.57 g Yield: 
30%) 'H-NMR (C1 3 CD): 1.65 (m,lH), 2.95 (t,2H), 4.05 (m,2H), 6.32 (m,2H), 6.35 (m,2H), 6.5 (s,5H). 

Example 2. Synthesis of fcvclopentadienvl¥(3-hvdroxv-propvn^cloDerxtadienYR zirconium dichloride 

a) Preparation of 1- trimetbylsiloxy-3-bromo-propane 

To 12.2 g (76 mmol) of hexamethyldisilazane, 21 g (151 mmol) of 3-bromo-l-propanol is added. 
Ammonia evolution is immediately observed. The reaction is maintained under stirring for 2 hours and 24.5 
g (148 mmol) of the desired compound is finally obtained. Yield: 98%. 'H-NMR (CDC13): 3.74 (t,2H), 
3.55 (UH), 2.09 (n\2H), 0.14 (s,9H). 

b) Preparation of (3-trimethylsiloxy-propyl>cyclopentadiene 

To 50 ml of a 2.3 M solution of sodium cyclopentadienylide (115 mmol), a solution of 24.3 g (115 mmol) 
of 3-trimethylsiloxy- 1-bromo-propane in tetrahydrofurane is added. The quick formation of a pinkish solid 
is observed. The reaction is maintained under stirring for 12 hours and then it is neutralized with an 
ammonium chloride solution; the organic phase is extracted and concentrated to dryness in order to give 
an orange oil (9.8 g, 50 mmol. Yield: 43%). l H-NMR (CDC13): 6.47-6.00 (m,3H), 3.62 (m,2H), 2.95 
(m,lH), 2.87 (m,lH), 2.43 (m,2H), 1.80 (m,2H), 0.17 (s,9H). 

c) Preparation of potassium (3-trimethylsiloxy-propyl)-^ciopentadienyiide 

To a suspension of 0.4 g (10 mmol) of potassium hydride in tetrahydrofurane, 1.96 g (10 mmol) of a (3- 
trimethylsiloxy-propyl)-cyclopeutadiene in tetrahydrofurane is added. The reaction is maintained under 
stirring for 2 hours. Subsequently, the resulting suspension is concentrated to dryness, leaving an oily solid 
that, when it is washed with hexane, gives a cream-colored solid. (1.6 g, 7 mmol. Yield:70%). 

d) Preparation of (cyciopentadUenyl)((3-tjim zirconium dichloride 

To a suspension of 2.46 g (7 mmol) of cyclopentadienyl zirconium trichloride in toluene, a suspension of 
- v:M: : ^ O mmol) of potassium (3-trimethylsiloxy)-propyl-cyclopentadienylide in toluene is added A yellow- 
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brown-colored suspension immediately precipitates. The reaction is maintained for 12 hours. Subsequently, 
the solution is filtered and concentrated and a crystalline white solid is formed (0.8 g, 2 mmol, 28%). l H- 
NMR (C6D6): 5.87 (t,2H), 5.65 (t,2H), 3.46 (m,2HX 2.74 (m,2H), 1.73 (m,2H), 0.14 (s,9H). ,3 C-NMR 
(C6D6): 116.9, 115.0, 114.7, 112.2, 61.8, 33.6, 26.8, -0.393. Mass spectnim: M*-65(356): 30%. 
5 e) Preparation of (cyclopentadienyl)((3-hydroxy-propyl)-cyciopentadienyl) zirconium dichloride 

0.5 g (1.18 minol) of (cyclopeutadienyl)(trimethylsiloxypropyl-cyclopentadieiiyl) zirconium dichloride was 
added to a suspension of 1 . 1 g of Silica XPO 2407 in 75 ml of dry toluene at room temperature. 
It was necessary only to add the solid sample and it dissolved and the suspension immediately acquired a 
greenish-yellow color. The sample was maintained under continuous magnetic stirring at room 
10 temperature for two days. Then it was filtered, separating the solution from the insoluble product. The 
^ resulting colorless solution was brought to dryness. In this way it was possible to isolate a dusty white 

solid product. (0.16 g Yield: 39%) ! H-NMR (C1 3 CD): 1.45 (m,lH), 1.87 (t,2H), 2.72 (t,2H), 3.80 (t,2H), 
6.10 (n\2H), 6.28 (m,2H), 6.28 (m,2H), 6.45 (s,5H). Mass spectrum: M*-36.45:(312):55%. 

15 Example 3. Heterogenization of (cvclopentadienviyO-hydroxv-propylVcvclopentadienvn zirconium 
dichloride on silica functionalized with MAO 

5 g of silica Witco WMSPQ functionalized with MAO with 24% of Aluminium were weighed in a 250 ml 
Schlenk. The solid was suspended in 100 ml of dry toluene. 

0.11 g (0.31 mmol) of the zirconium compound were added to the above described suspension. The 
20 addition was realized at room temperature and the reaction mixture was maintained under continuous 
stirring. From the beginning of the reaction the solution acquired a yellow color and no changes were 
observed during the following two hours. 

At the end of the reaction the yellow suspension was transferred to a filtering plate and it was washed with 
about 500 ml of toluene at room temperature. The obtained dusty cream product was then dried under 
25 vacuum for 24 hours. 

The aluminium and zirconium content in the sample determined by X rays fluorescence was: 0.49% of Zr 
and 22.1% of Al. 

Example 4. Heterogenization of (cvclopentadienviy(3-hYdroxv-ethvD-cyclopentadienvO zirconium 
30 dicliloiide on silica functionali zed with tiinietfiylalmiiinum TMA 

5 g of silica functionalized with TMA with a content in Al, determined by X rays fluorescence, of 4.1% 
were weighed in a 250 mi Schlenk. The sample was suspended in 100 ml of dry toluene. 
0.076 g of cyclopentadienyl ((2-hydroxy-ethyl)-cyclopentadienyl) zirconium dichloride(0.2 mmol) was 
added to the above described suspension. The addition was realized at room temperature and the reaction 
? : : ::::3:5 .:: ^^rsfere was maintained under continuous stirring for 12 hours. 
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At the end of that time the suspension was transferred to a filtering plate and the yellow solid was washed 
with about 500 ml of toluene at room temperature. The washed solid was then maintained under vacuum 
for 24 hours. 

The content of zirconium in the sample determined by fluorescence of X rays was 0.35% by weight. 

5 

Example 5. Reaction of (cvcloueiitadienvn(f2-livdroxv-ethvlVcvcloueutadieuvl) zirconium dichluride with 
methvlalumoxane (MAO) 

A solution of 0.21 g (0.59 mmol) of (cyclopentadienyl)((2-hydroxy-ethyl)-cyclopentadienyl) zirconium 
dichloride was added to another solution of 25 ml of MAO (0.037 moles of Al), at room temperature, in 
10 20 ml of toluene. 

The reaction mixture was left at that same temperature for 2 hours and no significant change was 
observed. The solution was then brought to dryness and an oily residue was obtained. After washing twice 
with two fractions of 20 ml of hexane an orange solid residue is obtained; the solid is then dried under 
vacuum. 

15 The content of aluminium and zirconium in the sample determined by fluorescence of X rays was: 2.78% 
of Zr and 32.3% of Al. 



Example 6. Reaction of (cvclopentadienvl)((2-hvdroxv-ethvlVcvclopentadienvn zirconium dichloride with 
TMA 

20 3.90 ml (3.23 mmol) of TMA was added to a suspension of 0.36 g (1.07 mmol) of (cyclopentadienyl)((2- 
hydroxy-ethyl)-cyclopentadienyl) zirconium dichloride in 25 ml of dry toluene. The addition was realized 
drop by drop fiom an addition funnel at room temperature and it was immediately observed methane 
evolution. 

Then the solution became turbid and it was observed the formation of a white product. 

25 The reaction mixture was left for 12 hours at room temperature. The solution was separated from the 
white product by filtration under inert atmosphere on a porous plate. Then the solid residue was dried 
under vacuum for 12 hours. At the end (cyclopentadienyl) ((2^imethylalximinoxi-ethyl)-cyclopentadienyl)] 
zirconium methylchloride was isolated as a dusty white solid insoluble in aliphatic solvents. (0.27 g Yield: 
70%) l H-NMR (THF d8): -0.6 (s,6H), 0.30 (s,3H), 2.7 (m,lH), 2.9 (bs,lH), 4.75 (bs,lH), 5.1 (bs,lH), 

30 6.05 (bs,2H), 6. 15 (bs,sH), Mass spectrum: M + -73.05:(298):40% 

P lymerization tests with cyclopentadienyl [(hydroxypr Pyl- cyclopentadienyl)] zirconium 
dichloride on silica functionalized with MAO 

v 3.5 v Gene ral conditions for the polymerization of ethylene 
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The ethylene polymerization reactions were carried out in a reactor Buchi of the capacity of 1 liter under 
anhydrous conditions. The reactor, charged with 600 ml of dry and degassed heptane, was conditioned at 
70°C. Before pressurizing the reactor with ethylene it was injected the cocatalyst at a pressure of 1 
atmosphere. Then the reactor was pressurized up to 3.75 atmospheres. At the end the catalyst was injected 
by using 0.25 atmospheres of superpression of ethylene. The polymerization reactions were maintained in 
these conditions of pressure (4 atmospheres) and temperature (70°C). The suspension was stirred at 1.200 
rpm for fifteen or thirty minutes. 



Example 7. Polymerization of ethylene 

In the reactor it was injected 2 ml (3 mmoi of Al) of MAO from a solution of 10% of aluminium in 
toluene, commercialized by Witco. To this solution it was added 0.1 g of the catalyst 
(cyclopentadienyl)((3-hydroxy-propyl-)-cyclopentadienyl) zirconium dichloride (5.4 iimol of Zr) on silica 
functionalized with MAO, prepared according to the description of example 3. The polymerization 
reaction was maintained at a temperature of 70°C and an ethylene pressure of 4 atmospheres for 15 
minutes. At the end of the reaction the medium pressure was rapidly reduced and the reaction was 
completed by adding acidified methanol. It was obtained 14.3 g of polymer with Mn=47,600 Mw= 
188,000, Mw/Mn 3,95 (Activity: 3.24 E06 g PE/(mol Zr*hr*atm)). 



Example 8. Polymerization of ethylene 

20 In the polymerization reactor it was injected 2 ml (4.46 mmol of Al) of a TTBA solution (1.34 M in 
heptane). To this solution it was added 0.1 g of the catalyst (cyclopentadienyl) ((3-hydroxy-propyl)- 
cyclopentadienyl) zirconium dichloride supported on silica functionalized with MAO, prepared according 
the description of example 3 (5.4 mmol of Zr). The polymerization reaction was maintained at a 
temperature of 70°C and an ethylene pressure of 4 atmospheres for 15 minutes. When the reaction was 

25 finished, the pressure was rapidly reduced and acidified methanol was added to the medium. It was 
obtained 4 g of polyethylene with: Mv = 205.363, Mn =66,300 Mw = 221,200 Mw/Mn = 3,34 (Activity: 
3.24 E06 g PE/(moi Zr*hr*atm)). 



Example 9. Polymerization of ethylene 
30 In the polymerization reactor it was injected 0.10 g of the catalyst (cyclopentadienyl)((3-hydroxy-propyl> 
cyclopentadienyl) zirconium dichloride (5.4 mmol of Zr) supported on silica functionalized with MAO, 
prepared according the description of example 3. Th polymerization reaction was maintained at a 
, temperature of 70°C and an ethylene pressure of 4 atmospheres for 15 minutes. When the reaction was 

finished, the pressure was rapidly reduced and acidified methanol was added to the medium It was 
i: := : ?- 5 £^rned 1.2 g of polyethylene with: Mv = 302.405, Mn =58,400 Mw « 273,900 Mw/Mn « 4,64 (Activity: 



35 



0.27 E06 g PE/(mol Zr*hr*atm)). 

Example 10. Copolvmerization of ethylene with 1-hexene 

In the reactor it was injected 10 ml of 1-hexene (24.2% of comonoraer in the feedstock) and 2 ml of a 
5 MAO solution of (10% by weight of aluminium 3 mmol of Al). To this solution it was added 0.1 g of the 
catalyst (cyclopentadieuyl)(3-hydroxy-propyl) cyclopentadienyl) zirconium dichloride (5.4 |imol of Zr) 
supported on silica functionalized with MAO, prepared according to the description in example 3. The 
polymerization reaction was maintained at a temperature of 70°C and an ethylene pressure of 4 
atmospheres for 15 minutes. At the end of the reaction the pressure was rapidly reduced and the reaction 
10 was completed by adding acidified methanol. It was obtained 3.8 g of copolymer with 1.14% of hexene in 
the copolymer, Mn= 1 19,400 Mw= 297,800 Mw/Mn= 2,49 (Activity: 0.89 g PE/(mol Zr*hr*atm)). 

Example 11. Copolvmerization of ethylene with 1-hexene 

The copolymerization reaction was realized by following the same proceeding described in example 10, but 
15 with the difference that it was used 2 ml of a TTBA solution in heptane (1.34 M in total aluminium)instead 
of the MAO solution. After 15 minutes of polymerization it was obtained 2.3 g of polymer with: Mn - 
59,300 Mw = 167,400 Mw/Mn = 2,82 (0.53 E06 g PE/mol Zr*hr*atm). The content in 1-hexene in the 
copolymer, determined by l3 C-NMR, was 1.15 molar distributed at random. 

20 Example 12. Copolvmerization of ethylene with 1-hexene 

The copolymerization reaction was realized by following the same proceeding described in example 10, but 
with the difference that no MAO solution was added. After 15 minutes of polymerization it was obtained 
0.25 g of polymer (0.15 E06 g PE/mol Zr*hr*atm). The content in 1-hexene in the copolymer, determined 
by 13 C-NMR, was 0.94 molar distributed at random. 

25 

Example 13. Copolvmerization of ethylene with 1-hexene 

The copolymerization reaction was realized by followiijg the same proceeding described in example 10, but 
with the difference that once the solvent was added and before pressurizing the reactor, it was injected 20 
ml of dry 1-hexene recently distilled (39% of hexene in the feedstock). It was used 1 ml of a solution of 
30 MAO in toluene (1.5 M of total aluminium) and 0.1 g of catalyst. After 15 minutes of polymerization it 
was obtained 4.2 g of polymer (0.9 E06 g PE/mol Zr*hr*atm). The content in 1-hexene in the copolymer, 
determined by l3 C-NMR, was ... molar distributed at random. 

Example 14. Copolvmerization of ethylene with 1-hexene 
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The copolymerization reaction was realized by following the same proceeding described in example 13, but 
with the difference that it was used 2 ml of a TTBA solution in heptane (1 .34 M of total aluminium) instead 
of the MAO solution. After 15 minutes of polymerization it was obtained 2.8 g of polymer with: Mv = 
127.209, Mn =48,700 Mw = 154,300 Mw/Mn » 3,17 (0.56 E06 g PJE/mol Zr*hr*atm). The content in 1- 
5 hexene in the copolymer, determined by 13 C-NMR, was 2.3 molar distributed at random. 

Example 15. Copolymerization of ethylene with 1-hexene 

The copolymerization reaction was realized by following the same procedure described in example 13, but 
with the difference that no MAO solution was added. After 15 minutes of polymerization it was obtained 
10 0.1 g of polymer with: Mv = 302.415... (0.8 E05 g PE/mol Zr*hr*atm). The content in 1-hexene m the 
copolymer, determined by ,3 C-NMR, was ... molar distributed at random. 

Polymerization tests with (cyclopentadienyl) ((2-hydroxy-ethyI)-cyclopentadienyI) zirconium 
dichloride reacted with MAO 

15 

Example 16. Polymerization of ethylene 

The polymerization reaction was realized by following the proceeding described in example 7. In the 
polymerization reactor it was injected 2 ml (3 mmol of Al) of MAO extracted from a solution 1.5 M in 
toluene. To this solution it was added 0.04 g of the catalyst (cyclopentadienyl)((2-hydroxy-ethyl)- 
20 cyclopentadienyl) zirconium dichloride, according to the description of example 5 (0.12 pmol of Zr). The 
polymerization reaction was maintained at a temperature of 70°C and an ethylene pressure of 4 
atmospheres for 15 minutes. At the end of the reaction, the pressure was rapidly reduced and acidified 
methanol was added to the medium It was obtained 7.6 g of polyethylene with Mv = 186.839, Mn = 
65,700 Mw = 218,200 Mw/Mn = 3,32 (Activity: 0.47 E06 g PE/ (mol Zr*hr*atm)), 

25 

Example 17. Polymerization of ethylene 

The polymerization reaction was realized by following the procedure described in example 7. In the 
polymerization reactor it was injected 3 ml of TIB A solution 1.35 M in heptane. To this solution it was 
added 0.04 g of the catalyst (cyclopentadienyl)((2-hydroxy-ethyl)- cyclopentadienyl) zirconium dichloride 
30 reacted with MAO, prepared according to the description of example 5 (0.12 umol of Zr). The 
polymerization reaction was maintained at a temperature of 70°C and an ethylene pressure of 4 
atmospheres for 15 minutes. At the end of the reaction, the pressure was rapidly reduced and acidified 
methanol was added to the medium. It was obtained 1.7 g of polyethylene with Mn * 67,500 Mw = 
241,000 Mw/Mn = 3,57 (Activity: 0.16 E06 g PE/ (mol Zr*hr*atm)). 
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Polymerization tests with (cycIopeiitadieny])((2-dimethyla]uinlnoxi-ethyl)*cycIopentadienyI) 
zirconium methylchloride 

Example 18. Polymerization of ethylene 
5 The polymerization reaction was realized by following the proceeding described in example 7. In the 
polymerization reactor it was injected 2 ml of MAO solution (1.5 M aluminium in toluene). To this 
solution it was added 0.012 g of the (cyclopentadieny0((2-dimcthylaluminoxi-ethyl)-cyclopentadienyl) 
zirconium methylchloride, prepared according to the description of example 6 (0.30 timol of Zr). The 
polymerization reaction was maintained at a temperature of 70°C and an ethylene pressure of 4 
10 atmospheres for 15 minutes. At the end of the reaction, the pressure was rapidly reduced and acidified 
methanol was added to the medium. It was obtained 6.1 g of polyethylene (Activity: 0.20 E06 g PE/ (mol 
Zr*hr*atm)). 

Example 19. Polymerization of ethylene 
15 The polymerization reaction was realized by following the procedure described in example 7. In the 
polymerization reactor it was injected 3 ml of TIB A solution (1.35 M in heptane). To this solution it was 
added 0.100 g of the (<^clopentaoUenyl)((2^imethylaluminoxi-ethyl)- cyclopentadienyl) zirconium 
methylchloride, prepared according to the description in example 6 (4.8 |omol of Zr). The polymerization 
reaction was maintained at a temperature of 70°C and an ethylene pressure of 4 atmospheres for 15 
20 minutes. At the end of the reaction, the pressure was rapidly reduced and acidified methanol was added to 
the medium. It was obtained 3.3 g of polyethylene (Activity: 0. 10 E06 g PE/ (mol Zr*hr*atm)). 

Polymerization tests with (cyclopentadienyl)((2-hydroiy-ethyl>- cyclopentadienyl) zirconium 
dichloride on silica functionalized with IMA 

25 

Example 20. Polymerization of ethylene 

The polymerization reaction was realized by following the procedure described in example 7. In the 
polymerization reactor it was injected 3 ml of MAO solution (1.5 M aluminium in toluene. To this solution 
it was added 0,012 g of the (cyclopentadienyl)((2-hydroxy-ethyl)- cyclopentadienyl) zirconium dichloride 
30 on silica functionalized with TMA, prepared according to the description of example 4 (4.8 \xmol of Zr). 

The polymerization reaction was maintained at a temperature of 70°C and an ethylene pressure of 4 
atmospheres for 15 minutes. At the end of the reaction, the pressure was rapidly reduced and acidified 
methanol was added to the medium. It was obtained 2.1 g of polyethylene (Activity: 0.44 E06 g PE/ (mol 
Zr*hr*atm)). 

SDOCID:<E1 9850010602> 
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Example 21. Polymerization of ethylene 

The polymerization reaction was realized by following the procedure described in example 7. In the 
polymerization reactor it was injected 3 ml of MAO extracted from a solution 1.34 M in toluene. To this 
solution it was added 0.100 g of the (cyclopentadienyl)((2-hydroxy-ethyl)- cyclopentadienyl) zirconium 
5 dichloride on silica functionalized with TMA, prepared according to the description in example 4 (4.8 
^mol of Zr). The polymerization reaction was maintained at a temperature of 70°C and an ethylene 
pressure of 4 atmospheres for 15 minutes. At the end of the reaction, the pressure was rapidly reduced and 
acidified methanol was added to the medium. It was obtained 0.16 g of polyethylene (Activity: 0.9 EOS g 
PE/(molZr*hr*atm)>. 

10 

Example 22. Polymerization of ethylene 

The polymerization reaction was realized by following the procedure described in example 7. In the 
polymerization reactor it was injected 1 ml of TIBA solution (1.34 M in heptane) and 2 ml of MAO 
solution (1.5 M aluminium in toiueue). To this solution it was added 0.200 g of (cyclopentadienyI)((2- 

15 hydroxy-ethyO-cyclopentadienyl) zirconium dichloride on silica functionalized with TMA, prepared * 
according to the description of example 4 (4.8 fimol of Zr). The polymerization reaction was maintained at 
a temperature of 70°C and an ethylene pressure of 4 atmospheres for 15 minutes. At the end of the 
reaction, the pressure was rapidly reduced and acidified methanol was added to the medium. It was 
obtained 2.2 g of polyethylene with: Mv = 122.737, Mn = 74,400 Mw =244,200 Mw/Mn = 3,28 (Activity: 

20 0.26 E06 g PE/ (mol Zr*hr*atm)). 
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CLAIMS 

Heterogeneous catalytic component obtainable by reacting a porous inorganic support with a 
metallocene compound characterized in that the metallocene compound is defined by the following 
general formulas: 



(LR k ) I [LR tf (R I OH) f ] 1( MX y 



m' 



10 



(HOR?£ 




m 



wherein: 

L, equal to or different from each other, is selected from the group comprising: cyclopentadienyl, 
indenyL, tetrahydroindenyi, fluorenyl, octahydrofluorenyl or benzoindenyl; 

each R is independently selected from hydrogen, Q-Cjo alkyl, C3-C20 cycloalkyl, C tf -C M aryl, C 3 - 
15 Cm alkenyl, C r C*> arylalkyl, CrC* alkyiaiyl CrC» arylalkenyi, linear or branched, optionally 

substituted by 1 to 10 halogen atoms, or a group SiR n 3 ; 

each R\ equal to or different from each other, is a divalent aliphatic or aromatic hydrocarbon group 
containing from 1 to 20 carbon atoms, optionally containing from 1 to 5 heteroatoms of groups 14 
to 16 of the periodic table of the elements and boron ; 
20 each Q is independently selected from B, C, Si, Ge, Sn; 

M is a metal of group 3, 4 or 10 of the Periodic Table, Lanthanide or Actinide; 

each X is independently selected from: hydrogen, chlorine, bromine, OR" NR 11 * CrC» alkyl or 

C tf -C w aiyl; 

" each R™ is independently selected from C,-C 2( > alkyl . CVC*, cycloalkyl, Q-C^ aryl, Cj-C*, alkenyl 

'Pflrlt^:!? t^llll^ C r C2o arylalkyl, C 7 -C M arylalkenyi or alkylaryl, linear or branched; R n is methyl, ethyl, isopropyl; 
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L> is N or O; 

when L is cyclopentadienyl k is equal to 5, when L is indenyl k is equal to 7, when L is fluorenyl or 
benzoindenyl k is equal to 9, when L is tetrahydroindenyl k is equal to 11 and when L is 
octahydrofluorenyL, k is equal to 17; 
5 z is equal to 0, 1 or 2; 

xis equal to 1, 2 or 3; 
y is equal to 1, 2 or 3; 
x + y + z is equal to the valence of M; 
m is an integer which can assume the values 1, 2, 3 or 4; 
10 a and b are integers whose value ranges from 0 to k-1; 

f is an integer whose value ranges from 1 to k; 
gisOorl; 

c and e are equal to 0 or 1 ; 

a + b + cisatleast 1; 
15 a + g + cisat least 1; 

d is equal to 0, 1 or 2; 

when Q is B then c + d = 1; 

when Q is C, Si, Ge or Sn, then c + d = 2; 

when L* is N, then g + e = 1; 
20 when L* is O, then g = 0 and e = 0. 

2. Heterogeneous catalytic component according to claim 1 wherein R 1 is: Ci-C M alkylene, C 3 - 
C^cycloalkylene, Q-C^ arylene, Ct-C^ alkenyl, CyCio arylalkylene, or alkylarylene, linear or 
branched, or a group SiR n 2 ; 

3. Heterogeneous catalytic component according to claim 1 wherein RtoH is selected from: CH 2 - 
25 CH 2 OH, CH 2 -CH 2 -CH 2 OH, 0-CH 2 -CH 2 OH, SiMej-CH.-CHiOH. 

4. Heterogeneous catalytic component according to claims 1-2 wherein M is titanium, zirconium or 
hafnium. 

5. Heterogeneous catalytic component according to claims 1-3 wherein the inorganic support is 
treated with alumoxane or trialkylaluminum. 

30 6. Heterogeneous catalytic component obtainable by reacting an alumoxane or a trialkylaluminum with 
a metallocene compound belonging to one of the following general formulas: 
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(LR k ) 1 [LR k -«(R , OH) f ] 1 MX, I 




X 



(HOrff \ S X 

5 xR'oh^ 

wherein: 

L, equal to or different from each other, is selected from the group comprising: cyclopentadienyl, 
indenyl, tetrahydroindenyl, fluorenyl, octahydrofluorenyl or benzoindenyl; 

each R is independently selected from hydrogen, C1-C20 alkyl, C3-C20 cycloalkyl, C 6 -C 20 aryl, C 3 - 
10 C20 alkenyl Ct-Cm aiylalkyl, CrC* alkylaryl, Cg-Cao aiylalkenyl, linear or branched, optionally 

substituted by 1 to 10 halogen atoms, or a group SiR n 3 ; 

each R 1 , equal to or different from each other, is a divalent aliphatic or aromatic hydrocarbon group 
containing from 1 to 20 carbon atoms, optionally containing from 1 to 5 heteroatoms of groups 14 
to 16 of the periodic table of the elements and boron ; 
1 5 each Q is independently selected from B, C, Si, Ge, Sn; 

M is a metal of group 3, 4 or 10 of the Periodic Table, Lanthanide or Actinide; 

each X is independently selected from: hydrogen, chlorine, bromine, OR n , NR n * C1-C70 alkyl or 

C^Caoaryl; 

each R n is independently selected from C^C^ alkyl , C 3 -C M cycloalkyl, C 6 -C2o aiyU C 3 -C w alkenyl, 
20 C7-C20 aiylalkyl, C7-C20 aiylalkenyl or alkylaryl, linear or branched; R n is methyl, ethyl, isopropyl; 

U isNorO; 

when L is cyclopentadienyi k is equal t 5, when L is indenyl k is equal to 7, when L is fluorenyl or 

• benzoindenyl k is equal to 9, when L is tetrahydroindenyl k is equal to 11 and when L is 

octahydrofluorenyl, k is equal to 1 7; 

* z is equal to 0, 1 or 2; 
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x is equal to 1, 2 or 3; 
y is equal to 1, 2 or 3; 
x + y + z is equal to the valence of M; 
m is an integer which can assume the values 1, 2, 3 or 4; 
5 a and b are integers whose value ranges from 0 to k- 1 ; 

f is an integer whose value ranges from 1 to k; 
gisOor 1; 

c and e are equal to 0 or 1; 
a + b + c is at least 1; 
10 a + g + cisat least 1; 

d is equal to 0, 1 or 2; 
when Q is B then c + d = 1; 
when Q is C, Si, Ge or Sn, then c + d - 2; 
whenL*isN,theng + e= 1; 
15 whenL* is O, then g - 0 and e = 0. 

7. Heterogeneous catalytic component according to claims 1-6 wherein in the metaUocene compound 

at least one Lisa fluorenyl or octahydrofluorenyl ring. 
8 Heterogeneous catalytic system comprising the heterogeneous catalytic component of claims 1-7 
and a cocatalyst selected from the group consisting of: alkylalumawxane, trflakyialunuiium, Lewis 

20 acid and mixtures thereof. 

9. Process for the polymerization of alpha olefins in slurry, in gas phase, in bulk or in soluuon 
characterized by the use of the catalyst of claim 8. 
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